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PREFACE 

Not  since  gunpowder  was  first  employed  in  warfare 
has  so  revolutionary  a  contribution  to  the  science  of 
slaughtering  men  been  made  as  by  the  perfection  of  air- 
craft and  submarines.  The  former  have  had  their  first 
employment  in  this  worid-wide  war  of  the  nations.  The 
latter,  though  in  the  experimental  stage  as  far  back  as 
the  American  Revolution,  have  in  this  bitter  contest 
been  for  the  first  time  brought  to  so  practical  a  stage  of 
development  as  to  exert  a  really  appreciable  influence 
on  the  outcome  of  the  struggle. 

Comparatively  few  people  appreciate  how  the 
thought  of  navigating  the  air's  dizziest  heights  and 
the  sea's  gloomiest  depths  has  obsessed  the  minds  of 
inventors.  From  the  earliest  days  of  history  men  have 
grappled  with  the  problem,  yet  it  is  only  within  two 
hundred  years  for  aircraft  and  one  himdred  for  sub- 
marines that  any  really  intelligent  start  has  been  made 
upon  its  solution.  The  men  who  really  gave  practical 
effect  to  the  vague  theories  which  others  set  up — in 
aircraft  the  Wrights,  Santos-Dumont,  and  Count  Zep- 
pelin ;  in  submarines  Lake  and  Holland — are  either  still 
living,  or  have  died  so  recently  that  their  memory  is 
still  fresh  in  the  minds  of  all. 

In  this  book  the  author  has  sketched  swiftly  the  slow 
stages  by  which  in  each  of  these  fields  of  activity  success 
has  been  attained.     He  has  collated  from  the  immense 
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mass  of  records  of  the  activities  of  both  stxbmarmes  asd 
aircraft  enough  mterestiiig  data  to  show  the  degree  of 
perfection  and  practicability  to  which  both  have  be^i 
hronght.  And  he  has  outlined  so  far  as  possible  from 
existing  condrtions  the  possibilrties  of  future  usefniness 
in  fields  other  than  those  of  war  of  these  new  devices. 

The  most  serious  diflBcuIty  encountered  in  dealing 
with  the  present  state  and  future  development  of  air- 
craft is  the  rapidity  with  which  that  development  pro- 
ceeds. Before  a  Congressional  Comrmttee  last  January 
an  oflFJCTaJ  testified  that  grave  delay  m  the  TngrrrrFai^t:nrf^ 
of  airplanes  for  the  army  had  been  caused  by  the  fact 
that  t3rpes  adopted  a  scant  three  months  before  had 
become  obsolete,  because  of  esperience  on  the  European 
battlefields,  and  lata:  inventions  before  the  first  ma- 
chines could  be  completed.  There  may  be  exaggeration 
in  the  statemeit  but  it  is  largdy  true.  Neither  the 
machines  nor  the  tactics  empIo3red  at  the  beginning  of 
the  war  were  in  use  m  its  fourth  year.  The  course  of 
this  evolution,  with  its  reasons,  are  described  in  this 
volume. 

Opportunities  for  the  peaceful  use  of  airplanes  axe 
beginning  to  suggest  themselves  daily.  After  the  main 
body  of  this  book  was  in  type  the  Postmaster-General 
of  the  United  States  called  for  bixls  for  an  aerial  mail 
service  betwe«i  New  York  and  Washington — an  act 
urged  upon  the  Government  in  this  volume.  That 
service  contemplates  a  swift  carriage  of  first-class  mail 
at  an  enhanced  price — the  tentative  schedule  being  three 
hours,  and  a  postage  fee  of  twenty-five  cents  an  ounce. 
There  can  be  no  dbubt  of  the  success  of  the  service,  its 
value  to  the  public,  and  its  possibflities  of  revenue  to  the 
p06t<«65ce.  Once  its  usefulness  is  established  it  will  be 
eartendied  to  routes  of  similar  length,  such  as  New  York 
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and  Boston,  New  York  and  Buffalo,  or  New  York  and 
Pittsburgh.  The  mind  suggests  no  limit  to  the  extension 
of  aerial  service,  both  postal  and  passenger,  in  the  years 
of  industrial  activity  that  shall  follow  the  war. 

In  the  preparation  of  this  book  the  author  has  made 
use  of  many  records  of  personal  experiences  of  those  who 
have  dared  the  air's  high  altitudes  and  the  sea's  stilly 
depths.  For  permission  to  use  certain  of  these  he 
wishes  to  express  his  thanks  to  the  Century  Co.,  for 
extracts  from  My  Airships  by  Santos-Dumont ;  to 
Doubleday,  Page  &  Co.,  for  extracts  from  Flying  for 
France,  by  James  R.  McConnell;  to  Charles  Scribner's 
Sons,  for  material  drawn  from  With  the  French  Flying 
Corps,  by  Carroll  Dana  Winslow;  to  Collier's  Weekly, 
for  certain  extracts  from  interviews  with  Wilbur  Wright; 
to  McClure's  Magazine,  for  the  account  of  Mr.  Ray 
Stannard  Baker's  trip  in  a  Lake  submarine;  to  Hearst's 
International  Library,  and  to  the  Scientific  American, 
for  the  use  of  several  illustrations. 

W.  J.  A. 
New  York,  1918. 
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THE  CONQUEST  OP  THE  AIR 


CHAPTER  I 


INTRODUCTORY 


It  was  at  Mens  in  the  third  week  of  the  Great  War. 
The  grey-green  German  hordes  had  overwhelmed  the 
greater  part  of  Belgitim  and  were  sweeping  down  into 
France  whose  people  and  miUtary  establishment  were 
all  unprepared  for  attack  from  that  quarter.  For 
days  the  little  British  army  of  perhaps  100,000  men, 
that  forlorn  hope  which  the  Germans  scornfully  called 
"contemptible,"  but  which  man  for  man  probably 
numbered  more  veteran  fighters  than  any  similar  unit 
on  either  side,  had  been  stoutly  holding  back  the 
enemy's  right  wing  and  fighting  for  the  delay  that 
alone  could  save  Paris.  At  Mons  they  had  halted, 
hoping  that  here  was  the  spot  to  administer  to  von 
Kluck,  beating  upon  their  front,  the  final  check.  The 
hope  was  futile.  Looking  back  upon  the  day  with 
knowledge  of  what  General  French's  army  faced — 
a  knowledge  largely  denied  to  him — ^it  seems  that  the 
British  escape  from  annihilation  was  miraculous.  And 
indeed  it  was  due  to  a  modem  miracle — the  conquest 
of  the  air  by  man  in  the  development  of  the  airplane. 

General  French  was  outnumbered  and  in  danger  of 
being  flanked  on  his  left  flank.  His  right  he  thought 
safe,  for  it  was  in  contact  with  the  French  line  which 
extended  eastward  along  the  bank  of  the  Somme  to 
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4  A]rcra&  and  Suhnxarmes 

ivv^heie  the  dark  jtortiess  of  Kazmxr  irDwnsfl  on  Urn 
Bleeps  formed  b}'  the  iimcthm  of  lizat  xivsr  ^vith  :d]3e 
Meuse.  At  that  point  tist  PrBneh  Ime  faent  to  jAh^.  lamtfa 
foUowing  the  course  of  the  latter  livBr. 

^iaxnur  was  expected  to  hold  out  inr  vfsei^.  Ite 
defence  lasted  but  three  days!  As  a  -tdhMht  of  inrrt  it 
did  not  delaj*  the  oncaming  Germais  a  di^,  ior  ihej- 
invested  it  and  drove  past  in  i^isir  £ense  ywrniilT  xgxm 
JoEEre^s  lines.  £nQrnious}T  ontnuTrifaeraa,  Hist  JPrannh 
were  farc^sn  and  forced  to  retreat.  TThE^j'  Tfrft  GsnexBl 
Pientdi^s  xi^xt  flank  in  1ihe  air,  esgpoied  lo  ^nxnoiapment 
isj  von  £Ilack  "vdio  was  akeadj  xeacdmig  aroimd  1^ 
left  &nk.  The  German  "troopE  were  ample  in  •nmnhnr 
to  sirrrotmd  the  British,  cut  Hxsrn  off  from  all  mgipcirt, 
and  crush  or  capture  them  all.  This  indeed  ilhej  wex 
preparing  xo  do  while  General  Piendi,  owing  to  Home 
noisciiance  never  yet  es^ilained,  was  hdldix^  ius  ^ground 
utterly  'without  Inaowttedge  that  his  allies  had  abeadr 
retired  leading  his  fiank  without  protection. 

XMien  that  fatal  isdormation  arrived  hfcSatedly  Bt 
the  British  headguarters  it  seemed  like  a  dealb  war- 
xant..  The  right  cif  "-ht  line  had  already  been  Espoaed 
for  2aore  tban  haif-a-day.  It  was  inespHcahV  that  it 
had  not  aireac}'  been  attacked.  It  was  unbriHrrable 
that  tiie  atrta^  wotad  not  ihH  the  liEEt  momem..  Bxrt 
how  wouid  it  be  delivered  and  wiffire,  and  wiuct  iaroe 
wouid  the  eneisy  tring  to  it  ?  TTas  ttod  IThink  ^^Tfr^^ 
the  Brhish  rr«o  a  fj-iae  sense  rf  secmiij^  by  lesring  liie 
er^posed  faii  rrmenaced  while  ht  gained  xbssr  reac 
and  cuit  off  tbedr  retreet?  Quesdons  Baci  as  licse 
deaaanded  rrmedar^  aapwer-  Tec  yean;  before  the 
most  dashiiig  scouits  "worud  hare  ciartBrBfl  'OE  to  liie 
froETt  and  worQd  have  reqtcrefi  £  fisy,  peribaps  mcrt^ 

to  COCr^plete  the  IXaaSSaeZJ  ^rvtrycwrrraAmarni^       BxCt 
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of  all  nations,  except  of  course  the  utterly  negligent 
United  States,  Great  Britain  had  least  developed  her 
aviation  corps,  there  were  attached  to  General  French's 
headquarters  enough  airmen  to  meet  this  need.  In  a 
few  minutes  after  the  disquieting  news  arrived  the 
beat  of  the  propellers  rose  above  the  din  of  the  battle- 
field and  the  airplanes  appeared  above  the  enemy's 
lines.  An  hour  or  two  suflficed  to  gather  the  necessary 
facts,  the  fliers  rettimed  to  headquarters,  and  im- 
mediately the  retreat  was  begun. 

It  was  a  beaten  army  that  plodded  back  to  the  line 
of  the  Mame.  Its  retreat  at  times  narrowly  ap- 
proached a  rout.  But  the  army  was  not  crushed, 
annihilated.  It  remained  a  coherent,  serviceable  part 
of  the  allied  line  in  the  successful  action  speedily  fought 
along  the  Mame.  But  had  it  not  been  for  the  pre- 
sence of  the  airmen  the  British  expeditionary  force 
would  have  been  wiped  out  then  and  there. 

The  battle  of  Mons  gave  the  soldiers  a  legend  which 
still  persists — that  of  the  ghostly  English  bowmen  of 
the  time  of  Edward  the  Black  Prince  who  came  back 
from  their  graves  to  save  that  field  for  England  and 
for  Prance.  Thousands  of  simple  souls  believe  that 
legend  to-day.  But  it  is  no  whit  more  unbelievable 
than  the  story  of  an  army  saved  by  a  handful  of  men 
flying  thousands  of  feet  above  the  field  would  have 
been  had  it  been  told  of  a  battle  in  our  Civil  War. 
The  world  has  believed  in  ghosts  for  centuries  and 
the  Archers  of  Mons  are  the  legitimate  successors  of 
the  Great  Twin  Brethren  at  the  Battle  of  Lake  Regil- 
lus.  But  Caesar,  Napoleon,  perhaps  the  elder  von 
Moltke  himself  would  have  scoffed  at  the  idea  that 
men  could  turn  themselves  into  birds  to  spy  out  the 
enemy's  dispositions  and  save  a  sorely  menaced  army. 
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When  this  war  has  passed  into  history  it  will  be 
recognized  that  its  greatest  contributions  to  military 
science  have  been  the  development  and  the  t2se  of 
aircraft  and  submarines.  There  have,  of  course,  been 
other  features  in  the  method  of  waging  war  which  have 
been  novel  either  in  themselves,  or  in  the  gigantic 
scale  upon  which  they  have  been  employed.  There  is, 
for  example,  nothing  new  about  trench  warfare.  The 
American  who  desires  to  satisfy  himself  about  that 
need  only  to  visit  the  Military  Park  at  Vicksburg,  or 
the  country  about  Petersburg  or  Richmond,  to  recog- 
nize that  even  fifty  years  ago  our  soldiers  understood 
the  art  of  sheltering  themselves  from  bullet  and  shrap- 
nel in  the  bosom  of  Mother  Earth.  The  trench  war- 
fare  in  Flanders,  the  Argonne,  and  around  Verdun  has 
been  novel  only  in  the  degree  to  which  it  has  been 
developed  and  perfected.  Concrete-lined  trenches, 
with  spacious  and  well-fumished  bomb-proofs,  with 
phonographs,  printing  presses,  and  occasional  dramatic 
performances  for  lightening  the  soldiers'  lot  present  an 
impressive  elaboration  of  the  muddy  ditches  of  Vir- 
ginia and  Mississippi.  Yet  after  all  the  boys  of  Grant 
and  Lee  had  the  essentials  of  trench  warfare  well  in 
mind  half  a  century  before  Germany,  France,  and 
England  came  to  grips  on  the  long  line  from  the  North 
Sea  to  the  Vosges. 

Asphyxiating  gas,  whether  liberated  from  a  shell,  or 
released  along  a  trench  front  to  roll  slowly  down  before 
a  wind  upon  its  defenders,  was  a  novelty  of  this  war. 
But  in  some  degree  it  was  merely  a  development  of  the 
"stinkpot"  which  the  Chinese  have  employed  for 
years.  So  too  the  tear-bomb,  or  lachrymatory  bomb, 
which  painfully  irritated  the  eyes  of  all  in  its  neigh- 
bourhood when  it  burst,  filling  them  with  tears  and 
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making  the  soldiers  practically  helpless  in  the  presence 
of  a  swift  attack.  These  two  weapons  of  offence,  and 
particularly  the  first,  because  of  the  frightful  and 
long-continuing  agony  it  inflicts  upon  its  victims, 
fascinated  the  observer,  and  awakened  the  bitter  pro- 
tests of  those  who  held  that  an  issue  at  war  might  be 
determined  by  civilized  nations  without  recourse  to 
engines  of  death  and  anguish  more  barbaric  than  any 
known  to  the  red  Indians,  or  the  most  savage  tribes  of 
Asia.  Neither  of  these  devices,  nor  for  that  matter 
the  cognate  one  of  fire  spurted  like  a  liquid  from  a 
hose  upon  a  shrinking  enemy,  can  be  shown  to  have 
had  any  appreciable  effect  upon  the  fortunes  of  any 
great  battle.  Each,  as  soon  as  employed  by  any  one 
belligerent,  was  quickly  seized  by  the  adversary,  and 
the  respiratory  mask  followed  fast  upon  the  appear- 
ance of  the  chlorine  gas.  Whatever  the  outcome  of  the 
gigantic  conflict  may  be,  no  one  will  claim  that  any 
of  these  devices  had  contributed  greatly  to  the  result. 

But  the  airplane  revolutionized  warfare  on  land.  The 
submarine  has  made  an  almost  equal  revolution  in  naval 
warfare. 

Had  the  airplane  been  known  in  the  days  of  our 
Civil  War  some  of  its  most  picturesque  figures  would 
have  never  risen  to  eminence  or  at  least  would  have 
had  to  win  their  places  in  history  by  efforts  of  an 
entirely  different  sort.  There  is  no  place  left  in  modem 
military  tactics  for  the  dashing  cavalry  scout  of  the 
type  of  Sheridan,  Custer,  Fitz  Lee,  or  Forrest.  The 
airplane,  soaring  high  above  the  lines  of  the  enemy, 
brings  back  to  headquarters  in  a  few  hours  information 
that  in  the  old  times  took  a  detachment  of  cavalry 
days  to  gather.  The  "screen  of  cavalry"  that  in 
bygone  campaigns  commanders  used  to  mask    their 
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movements  no  longer  screens  nor  masks.  A  general 
moves  with  perfect  knowledge  that  his  enemy's  air- 
craft will  report  to  their  headquarters  his  roads,  his 
strength,  and  his  probable  destination  as  soon  as  his 
vanguard  is  off.  During  the  Federal  advance  upon 
Richmond,  Stonewall  Jackson,  most  brilliant  of  the 
generals  of  that  war,  repeatedly  slipped  away  from 
the  Federal  front,  away  from  the  spot  where  the  Fede- 
ral commanders  confidently  supposed  him  to  be,  and 
was  found  da3rs  later  in  the  Valley  of  the  Shenandoah, 
threatening  Washington  or  menacing  the  Union  rear 
and  its  communications.  The  war  was  definitely 
prolonged  by  this  Confederate  dash  and  elusiveness — 
none  of  which  would  have  been  possible  had  the  Union 
forces  possessed  an  aviation  corps. 

It  is  yet  to  be  shown  conclusively  that  as  offensive 
engines  aircraft  have  any  great  value.  The  tendency 
of  the  military  authorities  of  every  side  to  minimize 
the  damage  they  have  suffered  makes  any  positive 
conclusion  on  this  subject  difficult  and  dangerous  at 
this  moment.  The  airplane  by  day  or  the  Zeppelin 
by  night  appears  swiftly  and  mysteriously,  drops  its 
bombs  from  a  height  of  several  thousand  feet,  and 
takes  its  certain  flight  through  the  boundless  sky  to 
safety.  The  aggressor  cannot  tell  whether  his  bombs 
have  found  a  fitting  target.  He  reports  flaming 
buildings  left  behind  him,  but  whether  they  are  mtmi- 
tion  factories,  theatres,  or  primary  schools  filled  with 
little  children  he  cannot  tell.  Nor  does  he  know  how 
quickly  the  flames  were  extinguished,  or  the  amotmt 
of  damage  done.  The  British  boast  of  successful  air 
raids  upon  Cuxhaven,  Zeebrugge,  Essen,  and  Friedrichs- 
haven.  But  if  we  take  German  official  reports  we 
must  be  convinced  that  the  damage  done  was  negli- 
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gible  in  its  relation  to  the  progress  of  the  war.  In 
their  turn  the  Germans  brag  mightily  of  the  deeds  of 
their  Zeppelins  over  London,  and  smaller  British  towns. 
But  the  sum  and  substance  of  their  accomplishment, 
according  to  the  British  reports,  has  been  the  slaughter 
and  mutilation  of  a  ntmaber  of  civilians — mostly  women 
and  children — and  the  bloody  destruction  of  many 
humble  working-class  homes. 

At  this  writing,  December,  191 7,  it  is  not  recorded 
that  any  battleship,  munition  factory,  any  headquar- 
ters, great  government  building,  or  fortress  has  been 
destroyed  or  seriously  injured  by  the  activities  of 
aircraft  of  either  type.  This  lack  of  precise  informa- 
tion may  be  due  to  the  censor  rather  than  to  any  lack 
of  great  deeds  on  the  part  of  airmen.  We  do  know  of 
successful  attacks  on  submarines,  though  the  military 
authorities  are  chary  about  giving  out  the  facts.  But 
as  scouts,  messengers,  and  guides  for  hidden  batteries 
attacking  tmseen  targets,  aviators  have  compelled 
the  rewriting  of  the  rules  of  military  strategy.  About 
this  time,  however,  it  became  apparent  that  the  bel- 
ligerents intended  to  develop  the  battleplanes.  Par- 
ticularly was  this  true  of  the  Allies.  The  great  measure 
of  success  won  by  the  German  submarines  and  the 
apparent  impossibility  of  coping  adequately  with 
those  weapons  of  death  once  they  had  reached  the 
open  sea,  led  the  British  and  the  Americans  to  consider 
the  possibility  of  destroying  them  in  their  bases  and 
destroying  the  bases  as  well.  But  Kiel  and  Wilhelms- 
haven  were  too  heavily  defended  to  make  an  attack 
by  sea  seem  at  all  practicable.  The  lesser  ports  of 
Zeebrugge  and  Ostend  had  been  successfully  raided 
from  the  air  and  made  practically  useless  as  submarine 
bases.    Discussion   therefore   was  strong   of  making 
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like  raids  with  heavier  machines  carrying  heavier  guns 
and  dropping  more  destructive  bombs  upon  the  two 
chief  lurking  places  of  the  submarines.  While  no 
conclusion  had  been  reached  as  to  this  strategy  at  the 
time  of  the  publication  of  this  book,  both  nations  were 
busy  building  larger  aircraft  probably  for  use  in  such 
an  attack. 

The  submarine  has  exerted  upon  the  progress  of  the 
war  an  influence  even  more  dominant  than  that  of  air- 
craft. It  has  been  a  positive  force  both  offensive  and 
defensive.  It  has  been  Germany's  only  potent  weapon 
for  bringing  home  to  the  British  the  privations  and 
want  which  war  entails  upon  a  civilian  poptilation,  and 
at  the  same  time  guarding  the  German  people  from 
the  fullest  result  of  the  British  blockade.  It  is  no 
overstatement  to  declare  that  but  for  the  German 
submarines  the  war  would  have  ended  in  the  victory 
of  the  Allies  in  1916. 

We  may  hark  back  to  our  own  Civil  War  for  an 
illustration  of  the  crushing  power  of  a  superior  navy 
not  qualified  by  any  serviceable  weapon  in  the  hands 
of  the  weaker  power. 

Historians  have  very  generally  failed  to  ascribe  to 
the  Federal  blockade  of  Confederate  ports  its  propor- 
tionate influence  on  the  outcome  of  that  war.  The 
Confederates  had  no  navy.  Their  few  naval  vessels 
were  mere  commerce  destroyers,  fleeing  the  ships  of  the 
United  States  navy  and  preying  upon  tmarmed  mer- 
chantmen. With  what  was  rapidly  developed  into 
the  most  powerful  navy  the  world  had  ever  seen,  the 
United  States  Government  from  the  very  beginning 
of  the  war  locked  the  Confederate  States  in  a  wall  of 
iron.     None  might  pass  going  in  or  out,  except  by 
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stealth  and  at  the  peril  of  property  and  life.  Outside 
the  harbour  of  every  seaport  in  the  control  of  the 
Confederates  the  blockading  men-of-war  lurked  await- 
ing the  blockade  runners.  Their  vigilance  was  often 
eluded,  of  course,  yet  nevertheless  the  number  of 
cargoes  that  slipped  through  was  painfully  inadequate 
to  meet  the  needs  of  the  fenced-in  States.  Clothing, 
medicines,  articles  of  necessary  household  use  were 
denied  to  civilians.  Cannon,  rifles,  saltpetre,  and  other 
mtmitions  of  war  were  withheld  from  the  Confederate 
armies.  While  the  ports  of  the  North  were  bustling 
with  foreign  trade,  grass  grew  on  the  cobble-stoned 
streets  along  the  waterfronts  of  Charleston  and  Savan- 
nah. Slow  starvation  aided  the  constant  pounding 
of  the  Northern  armies  in  reducing  the  South  to  sub- 
jection. 

Had  the  Confederacy  possessed  but  a  few  submarines 
of  modem  type  this  situation  could  not  have  persisted. 
Then,  as  to-day,  neutral  nations  were  eager  to  trade 
with  both  belligerents.  There  were  then  more  neutrals 
whose  interests  would  have  compelled  the  observance 
of  the  laws  of  blockade,  which  in  the  present  war  are 
flagrantly  violated  by  all  belligerents  with  impimity. 
A  submarine  raid  which  would  have  sunk  or  driven 
away  the  blockading  fleet  at  the  entrance  to  a  single 
harbour  would  have  resulted  in  opening  that  harbour 
to  the  imrestricted  uses  of  neutral  ships  until  the  block- 
ade could  be  re-established  and  formal  notice  given  to 
all  powers — a  formality  which  in  those  days,  prior  to 
the  existence  of  cables,  would  have  entailed  weeks, 
perhaps  months,  of  delay. 

How  serious  such  an  interruption  to  the  blockade 
was  then  considered  was  shown  by  the  trepidation  of 
the  Union  naval  authorities  over  the  first  victories 
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of  the  Merrimac  prior  to  the  providential  arrival  of 
the  Monitor  in  Hampton  Roads.  It  was  then  thought 
that  the  Confederate  ram  wotdd  go  straight  to  Wil- 
mington, Charleston,  and  Savannah,  destroy  or  drive 
away  the  blockaders,  and  open  the  Confederacy  to  the 
trade  of  the  world. 

Even  then  men  dreamed  of  submarines,  as  indeed 
they  have  since  the  days  of  the  American  Revolution* 
Of  the  slow  development  of  that  engine  of  war  to  its 
present  effectiveness  we  shall  speak  more  fully  in  later 
chapters.  Enough  now  to  say  that  had  the  Confede- 
racy possessed  boats  of  the  U-53  type  the  story  of 
our  Civil  War  might  have  had  a  difiEerent  ending.  The 
device  which  the  Allies  have  adopted  to-day  of  block- 
ading a  port  or  ports  by  posting  their  ships  several 
hundred  miles  away  wotdd  have  found  no  toleration 
among  neutrals  none  too  friendly  to  the  United  States* 
and  vastly  stronger  in  proportion  to  the  power  of  this 
nation  than  all'the  neutrals  to-day  are  to  the  strength 
of  the  Allies. 

Prom  the  beginning  of  the  Great  War  in  Europe  the 
fleets  of  the  Teutonic  alliance  were  locked  up  in  port 
by  the  superior  floating  forces  of  the  Entente.  Such 
sporadic  dashes  into  the  arena  of  conflict  as  the  one 
made  by  the  German  High  Fleet,  bringing  on  the  Battle 
of  Jutland,  had  but  little  bearing  on  the  progress  of 
the  war.  But  the  steady,  persistent  malignant  activ- 
ity of  the  German  submarines  had  everything  to  do 
with  it.  They  mitigated  the  rigidity  of  the  British 
blockade  by  keeping  the  blockaders  far  from  the  ports 
they  sought  to  seal.  They  preyed  on  the  British 
fleets  by  sinking  dreadnoughts,  battleships,  and  cruisers 
in  nearly  all  of  the  belligerent  seas.  If  the  British 
navy  justified  its  costly  power  by  keeping  the  German 
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fleet  practically  imprisoned  in  its  fortified  harbours, 
the  German  submarines  no  less  won  credit  and  glory 
by  keeping  even  that  overwhelming  naval  force  re- 
stricted in  its  movements,  ever  on  guard,  ever  in  a 
certain  sense  on  the  defensive.  And  meanwhile  these 
tmderwater  craft  so  preyed  upon  British  foodships 
that  in  the  days  of  the  greatest  submarine  activity 
England  was  reduced  to  husbanding  her  stores  of  food 
with  almost  as  great  thrift  and  by  precisely  the  same 
methods  as  did  Germany  suffering  from  the  British 
blockade. 

Aircraft  and  submarines !  Twin  terrors  of  the  world's 
greatest  war!  The  development,  though  by  no  means 
the  final  development,  of  dreams  that  men  of  many 
nations  have  dreamed  throughout  the  centuries! 
They  are  two  of  the  outstanding  features  of  the  war; 
two  of  its  legacies  to  mankind.  How  much  the  legacy 
may  be  worth  in  peaceful  times  is  yet  to  be  determined. 
The  airplane  and  the  dirigible  at  any  rate  seem  already 
to  promise  useful  service  to  peaceful  man.  Already 
the  flier  is  almost  as  common  a  spectacle  in  certain 
sections  of  our  cotmtry  as  the  automobile  was  fifteen 
years  ago.  The  submarine,  for  economic  reasons, 
promises  less  for  the  future  in  the  way  of  peaceful 
service,  notwithstanding  the  exploits  of  the  Deutsche 
land  in  the  ocean-carrying  trade.  But  perhaps  it  too 
will  find  its  place  in  industry  when  awakened  man 
shall  be  willing  to  spend  as  much  treasure,  as  much 
genius,  as  much  intelligent  effort,  and  as  much  heroic 
self-sacrifice  in  organizing  for  the  social  good  as  in  the 
last  four  years  he  has  expended  in  its  destruction. 


CHAPTER  n 

IKE  EAMLSSST  FILTE3IG  WES 

TEEEconqoest  of  t±eairhas  been  the  dceaxxi  of  man^ 
kxod  for  nTTrnrmtftfT  centuries.  As  ££r  back  as  we  hskirc 
friifitnric  records  we  find  stories  of  the  attempts  of  aam 
ta  Sj-,  Tbe  earfiest  Greek  rnytbokiQr  is  fizll  of  aero- 
nantical  legenrfs,  and  the  disaster  wim±:  b^eQ  Icarus 
and  bis  wings  of  wax  wben  eypnsed  ta  tbe  ^are  of  tiBne 
trrijffsrrrnrner  srm  in  Greece,  is  port  of  tbe  s(±oo2!bQgr^s 
task  in  Orid.  We  find  Hke  tradrtioos  in  tbe  liegendary 
Ibre  of  tbe  PB:uvi;iTTS,  tbe  East  ImrfiiaTTgi^  tbe  Babylo^ 
man??,  even  tbe  savage  races  of  darkest  A&ica.  In 
tbe  Hebrew  scrrptares  tbe  cbirf  badge  of  sanctity 
conferred  on  God's  angefe  was  wings^  and  tbe  ability 
to  ffy.  If  we  come  down  to  tbe  mytbofogy  of  more 
recent  times  we  find  otir  picras  ancestors  in  Xew  Eng- 
land tborongbly  convinced  tbat  tbe  witcbes  tbey  flogged 
and  banged  were  perfectly  able  to  navigate  tbe  air  on 
a  broomstick — tbns  antedating  tbe  Wrigbts"  ca^jeri- 
ments  witb  beavier-tban-air  msurhhw^  by  more  tban 
250  years. 

It  is  an  interestzc^  £act^  stzmnlating  to-  pMEosopbical 
reflection^  tbat  in  tbe  liast  decade  max  bas  been  done 
toward  tbe  conqoest  of  tbe  air^  tban  in  the  twenty 
ccntmries  preceding  it^  tllCRigb  daring  aH  tbat 
men  bad  been  dreaming^,  plarrrrrng,.  and 
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upon  contrivances  for  flight.  Moreover  when  success 
came — or  such  measure  of  success  as  has  been  won — 
it  came  by  the  application  of  an  entirely  novel 
principle  hardly  dreamed  of  before  the  nineteenth 
century. 

Some  of  the  earlier  efforts  to  master  gravity  and 
navigate  the  air  are  worthy  of  brief  mention  if  only  to 
show  how  persistent  were  the  efforts  from  the  earliest 
historic  ages  to  accomplish  this  end.  Passing  over  the 
legends  of  the  time  of  mjrthology  we  find  that  many- 
sided  genius,  Leonardo  da  Vind,  early  in  the  sixteenth 
century,  not  content  with  being  a  painter,  architect, 
sculptor,  engineer  and  designer  of  forts,  offering  draw- 
ings and  specifications  of  wings  which,  fitted  to  men, 
he  thought  would  enable  them  to  fly.  The  sketches 
are  still  preserved  in  a  museum  at  Paris.  He  modelled 
his  wings  on  those  of  a  bat  and  worked  them  with 
ropes  passing  over  pulleys,  the  aviator  lying  prone, 
face  downward,  and  kicking  with  both  arms  and  legs 
with  the  vigour  of  a  frog.  There  is,  imhappily,  no 
record  that  the  proposition  ever  advanced  beyond  the 
literary  stage — certainly  none  that  Da  Vinci  himself 
thus  risked  his  life.  History  records  no  one  who 
kicked  his  way  aloft  with  the  Da  Vinci  device.  But 
the  manuscript  which  the  projector  left  shows  that 
he  recognized  the  modem  aviator's  maxim,  "There's 
safety  in  altitude."  He  says,  in  somewhat  confused 
diction  : 

The  bird  should  with  the  aid  of  the  wind  raise  itself  to 
a  great  height,  and  this  will  be  its  safety;  because  al- 
though the  revolutions  mentioned  may  happen  there  is 
time  for  it  to  recover  its  equilibriimi,  provided  its  vari- 
ous parts  are  capable  of  strong  resistance  so  that  they 
may  safely  withstand  the  fury  and  impetus  of  the  descent. 
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The  fallacy  that  a  man  ootiid^  by  the  rapid  flapping 
of  -vings  of  any  sort,  overcome  the  force  or  giuvity 
persisted  up  to  a  very  recent  (lay,  despite  the  complete 
mathematical  demonstration  by  von  Helmfaoltz  in 
1878  that  man  could  not  possibly  by  his  own  nmscolar 
exertions  raise  his  own  weight  into  the  air  and  keep 
it  suspended.  Time  after  time  the  *' flapping  wings" 
were  resorted  to  by  ambitious  aviators  with,  resoits 
akin  r.o  those  attained  by  Darius  Green.  One  of  the 
earliest  was  a  French  locksmith  named  Besnier,  wiio 
had  four  collapsible  planes  on  two  rods  halanrrd 
across  his  .shoulders.  These  lie  \ngorously  moved  up 
and  down  with  his  hands  and  feet,  the  planes  opening 
like  covers  of  a  book  as  they  came  down,  and  closing 
as  they  oame  up.  Besnier  made  no  attempt  to  raise  iiim- 
self  from  *he  ground,  but  ::)elieved  that  once  iannchfid 
in  the  air  from  an  elevation  he  oouid  maintain  him- 
self,  and  ^lide  gradually  to  earth  at  a  considerable 
distance-  It  is  said  that  he  and  one  or  two  of  hia 
:^tudents  did  in  a  wav  .accomoiish  this.  Others,  how- 
vj'PT.  VA'penment.ing  .vith  *  he  ">ame  method  :ame  to 
;orT\-  li.saster.  Among  'hese  vas  m  Italian  rnar 
vhom  Aing  James  IV.  of  Scotland  liad  made  ?nor  of 
Ton  gland-  I5nuipped  with  a  pair  or  large  feather  wings 
ooerated  m  -he  3esnier  orincioie,  !ie  launciied  him- 
^!f  rrnm  *he  -oattlements  if  Stirling  Castle  in  "he 
presence  i(  Aing  j'ames  and  !us  :ourt.  3ut  j;ravity 
vas  "^oo  much  for  !iis  ipparatus.  md  turning  over  and 
over  -.n  mid-air  lie  nnallv  landed ingionousiv on  amanure 
!ieao-  at  -hat  oeriod  jf  nascent  .:uiture  a  ".•erv  common 
feature  ^i  he  pleasure  nDunds  of  a  oaiace.  Ele  had 
a  u^ni  above  his  fate  however,  for  he  ascribed  his  fail 
not  *o  'n:lgar  mechanical  ::auses.  out  vhoily  to  the 
tact   that  he   'lad    :)veriooked  the  proper   dignity  'Of 
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flight  by  pluming  his  wings  with  the  feathers  of  com- 
mon bam-yard  fowl  instead  of  with  plumes  plucked 
from  the  wings  of  eagles! 

In  sharp  competition  with  the  aspiring  souls  who 
sought  to  fly  with  wings — ^the  forerunners  of  the  air- 
plane devotees  of  to-day — ^were  those  who  tried  to 
find  some  direct  lifting  device  for  a  car  which  should 
contain  the  aviators.  Some  of  their  ideas  were  curi- 
ously logical  and  at  the  same  time  comic.  There  was, 
for  example,  a  priest,  Le  P^  Galien  of  Avignon.  He 
observed  that  the  rarified  air  at  the  stunmit  of  the 
Alps  was  vastly  lighter  than  that  in  the  valleys  below. 
What  then  was  to  hinder  carrying  up  empty  sacks  of 
cotton  or  oiled  silk  to  the  mountain  tops,  opening  them 
to  the  lighter  air  of  the  upper  ranges,  and  sealing  them 
hermetically  when  filled  by  it.  When  brought  down 
into  the  valleys  they  would  have  lifting  power  enough 
to  carry  tons  up  to  the  siunmits  again.  The  good 
Father's  education  in  physics  was  not  sufficiently 
advanced  to  warn  him  that  the  effort  to  drag  the  bal- 
loons down  into  the  valley  would  exact  precisely 
the  force  they  would  exert  in  lifting  any  load  out  of 
the  valley — if  indeed  they  possessed  any  lifting  power 
whatsoever,  which  is  exceedingly  doubtful. 

Another  project,  which  sounded  logical  enough, 
was  based  on  the  irrefutable  truth  that  as  air  has  some 
weight — ^to  be  exact  14.70  pounds  for  a  coltunn  one 
inch  square  and  the  height  of  the  earth's  atmosphere — 
a  vacutun  must  be  lighter,  as  it  contains  nothing,  not 
even  air.  Accordingly  in  the  seventeenth  century, 
one  Francisco  Lana,  another  priest,  proposed  to  build 
an  airship  supported  by  four  globes  of  copper,  very 
thin  and  light,  from  which  all  the  air  had  been  pumped. 
The  globes  were  to  be  twenty  feet  in  diameter,  and 
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were  estimated  to  have  a  lifting  force  of  2650  pounds. 
The  weight  of  the  copper  shells  was  put  at  1030  pounds, 
leaving  a  margin  of  possible  weight  for  the  car  and  its 
contents  of  1620  pounds.  It  seemed  at  first  glance  a 
perfectly  reasonable  and  logical  plan.     Unhappily  one 

factor  in  the  problem 
had  been  ignored. 
The  atmospheric 
pressure  on  each  of 
the  globes  would  be 
about  1800  tons. 
Something  more 
than  a  thin  copper 
shell  would  be  need- 
ed to  resist  this 
gushing  force  and 
an  adequate  increase 
in  the  strength  of 
the  shells  would  so 
enhance  their  weight 
as  to  destroy  their 
lifting  power. 

To  tell  at  length 
the  stories  of  at- 
tempt and  failure  of 
the  earliest  dabblers  in  aeronautics  would  be  unpro- 
iltable  wind  uninteresting.  Not  until  :he  eighteenth 
century  did  t.he  experimenters  vith  iighter-tiian-air 
devices  show  auy  :.>ractical  results.  Not  until  r,he 
'wentieth  century  did  the  advocates  of  the  heavier- 
:han-air  machines  show  the  value  of  their  fundamental 
idea.  The  former  had  to  discover  a  gaseous  substanc^e 
actually  lighter,  and  much  lighter,  ■:iaa  Liie  surround- 
ing atmosphere  before   they    couid   make   headway. 
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The  latter  were  compelled  to  abandon  wholly  the  effort 
to  imitate  the  flapping  of  a  bird's  wings,  and  study 
rather  the  method  by  which  the  bird  adjusts  the 
surface  of  its  wings  to  the  wind  and  soars  without 
apparent  effort,  before  they  could  show  the  world  any 
promising  results. 

Nearly  every  step  forward  in  applied  science  is 
accomplished  because  of  the  observation  by  some 
thoughtful  mind  of  some  common  phenomenon  of 
nature,  and  the  later  application  of  those  observations 
to  some  useful  ptupose. 

It  seems  a  far  cry  from  an  ancient  Greek  philosopher 
reposing  peacefully  in  his  bath  to  a  modem  Zeppelin, 
but  the  connection  is  direct.  Every  schoolboy  knows 
the  story  of  the  sudden  dash  of  Archimedes,  stark  and 
dripping  from  his  tub,  with  the  triumphant  cry  of 
"Eureka!"— "I  have  found  it!"  What  he  had  found 
was  the  rule  which  governed  the  partial  flotation  of 
his  body  in  water.  Most  of  us  observe  it,  but  the 
philosophical  mind  alone  inquired  "Why?"  Archi- 
medes' answer  was  this  rule  which  has  become  a 
fundamental  of  physics:  "A  body  pltmged  into  a  fluid 
is  subjected  by  this  fluid  to  a  pressure  from  below  to 
above  equal  to  the  weight  of  the  fluid  displaced  by 
the  body."  A  balloon  is  pltmged  in  the  air — a,  fluid. 
If  it  is  filled  with  air  there  is  no  upward  pressure  from 
below,  but  if  it  is  filled  with  a  gas  lighter  than  air  there 
is  a  presstire  upward  equal  to  the  difference  between 
the  weight  of  that  gas  and  that  of  an  equal  quantity 
of  air.  Upon  that  fact  rests  the  whole  theory  and 
practice  of  ballooning. 

The  illustration  of  James  Watt  watching  the  steam 
rattle  the  cover  of  a  teapot  and  from  it  getting  the 
rudimentary  idea  of  the  steam  engine  is  another  case 
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been  famous  for  its  development  of  the  paper  trade, 
and  the  many  ingenious  uses  to  which  they  put  its 
staple.  Just  as  the  tan- 
ners of  the  fabled  town  in 
the  Middle  A^es  thought 
there  was  "nothing  like 
leather"  with  which  to 
build  its  walls  and  gates, 
thereby  giving  a  useful 
phrase  to  literature,  so 
the  Montgolfiers  thought 
of  everything  in  tenns  of 
paper.  Sitting  by  their 
big  o  p  e  n  fireplace  one 
night,  so  runs  the  story, 
they  noticed  the  smoke 
rushing  up  the  chimney. 
"Why  not  fill  a  big  paper 
bag  with  smoke  and 
make  it  lift  objects  into 
the  air?"  cried  one.  The 
experiment  was  tried  next 
day  with  a  small  bag  and 
proved  a  complete  sue- 
cess.  A  neighbouring 
housewife  looked  in,  and 
saw  the  bag  bumping 

about  the  (filing,  but  rapidly  losing  its  buoyancy  as 
the  smoke  escaped. 

"Why  not  fasten  a  pan  below  the  mouth  of  the 
bag,"  said  she,  "and  put  your  fire  in  that?  Its 
weight  will  keep  the  bag  upright,  and  when  it  rises 
will  carry  the  smoke  and  the  pan  up  with  it." 

Acting  upon  the  hint  the  brothers  fixed  up  a  small 
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bag  which  sailed  up  into  the  air  beyond  recapture. 
.Vfter  various  experiments  a  bag  of  mixed  paper  and 
linen  thirty-five  feet  in  diameter  was  inflated  and 
released.  It  soared  to  a  height  of  six  thousand  feet, 
and  drifted  before  the  wind  a  mile  or  more  before 
descending.  The  ascent  took  place  at  Avonay,  the 
home  at  the  time  of  the  Montgoifiers,  and  as  every 
sort  of  publicity  was  given  in  advance,  a  huge  assem- 
blage including  many  officials  of  high  estate  gathered 
to  witness  it.  A  roaring  fire  was  built  in  a  pit  over 
the  mouth  of  which  eight  men  held  the  great  sack, 
which  rolled,  and  beat  about  before  the  wind  as  it  filled 
:ind  "vx»k  the  form  of  a  huge  baiL  The  crowd  was 
unbelieving  and  cynical,  inclined  to  scoii  at  the  idea 
chat  mere  smoke  would  carry  so  huge  a  construction 
up  into  the  sky.  But  when  the  signal  was  given  to 
oast  otf .  the  balloon  rose  with  a  swiftness  and  majesty 
"hat  -it  tirst  struck  the  crowd  dumb,  :hen  moved  it  to 
cheers  '^f  lunazement  :md  admiration.  It  ^'enc  up 
-IX  ■lioiisand  feet  iind  the  Montgolners  ^.T»re  a:  '.^nce 
•levite^.i  ■  ^  limost  m  auoi  "ici^hc  f  iirne.  TTie 
rowH  -vhich  '.vatched  ::ie  *->rDenment  va^  vud  ^'ith 
.'ntbiisiasm:  -'le  '.[ontOTiiiers  lated  -^.iLh  "iie  ::rsc 
'■"ipisin.eriMe  '-cton."  -^vpr  'iie  i^rce  «  r  :^-raviLV.  '^hey 
:ad  •'..^r^nnsrmr.ed  .i  ;T:i:c:cie  ind  inaae  iieu"  ■:aiiit;s 
•riTnnrr-.:;.  '^.'hat  -^moiced  ".-as  ■:?  i-jvexop  ".iiaL  '/nii- 
■!-4e  .:i«t  .:ipiv  -  ^  "racricoi  acis.  T^iac  leveiop- 
-7ert.  :  nv^^v.-^r  mceedea  :?r  "Omecniiii^  riure  :iau 
L  '-.^r-i-'iy^r  '  .^^tnrc*  -invT-iing  like   i  .."ractiiL-ai  .LirrjiUM  -vas 

lent  "iiie  i.itacK    n  ..ie    .>rct:i  -vuicii 
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loon.  By  this  time  it  was  known  that  hydrogen  gas, 
or  "inflammable  air"  as  it  was  then  called,  was  lighter 
than  air.  But  its  manufacture  was  then  expensive 
and  public  aid  was  needed  for  the  new  experiment 
which  would  call  at  the  outset  for  a  thousand  potmds 
of  iron  filings  and  498  pounds  of  sulphuric  add  where- 
with to  manufacture  the  gas. 

The  first  experiment  had  been  made  in  the  provinces. 
This  one  was  set  for  Paris,  and  in  an  era  when  the 
French  capital  was  intellectually  more  alert,  more 
eager  for  novelty,  more  interested  in  the  advancement 
of  physical  science  and  in  new  inventions  than  ever 
in  its  long  history  of  hospitality  to  the  new  idea.  They 
began  to  fill  the  bag  August  23,  1783  in  the  Pldce  des 
Victoires^  but  the  populace  so  thronged  that  square  that 
two  days  later  it  was  moved  half  filled  to  Paris's  most 
historic  point,  the  Champ  de  Mars.  The  transfer  was 
made  at  midnight  through  the  narrow  dark  streets 
of  mediaeval  Paris.  Eyewitnesses  have  left  descrip- 
tions of  the  scene.  Torch-bearers  lighted  on  its  way 
the  cortege  the  central  feature  of  which  was  the  great 
bag,  half  filled  with  gas,  flabby,  shapeless,  monstrous, 
mysterious,  borne  along  by  men  clutching  at  its  form- 
less bulk.  The  state  had  recognized  the  importance 
of  the  new  device  and  cuirassiers  in  glittering  breast- 
plates on  horseback,  and  halbardiers  in  bufl  leather 
on  foot  guarded  it  in  its  transit  through  the  sleeping 
city.  But  Paris  was  not  all  asleep.  An  escort  of  the 
sensation-loving  rabble  kept  pace  with  the  guards. 
The  cries  of  the  quarters  rose  above  the  tramp  of  the 
armed  men.  Observers  have  recorded  that  the  passing 
cab  drivers  were  so  affected  by  wonder  that  they 
clambered  down  from  their  boxes  and  with  doffed  hats 
knelt  in  the  highway  while  the  procession  passed. 
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The  ascension,  which  occurred  two  days  later,  was 
another  moving  spectacle.  In  the  centre  of  the  great 
square  which  has  seen  so  many  historic  pageants,  rose 
the  swaying,  quivering  balloon,  now  filled  to  its  full 
capacity  of  twenty-two  thousand  feet.  Whether  from 
the  art  instinct  indigenous  to  the  French,  or  some 
superstitious  idea  like  that  which  impels  the  Chinese 
to  paint  eyes  on  their  junks,  the  balloon  was  lavishly 
decorated  in  water  colours,  with  views  of  rising  suns, 
whirling  planets,  and  other  solar  bodies  amongst  which 
it  was  expected  to  mingle. 

Ranks  of  soldiers  kept  the  populace  at  a  distance, 
while  within  the  sacred  precincts  strolled  the  Eong 
and  the  ladies  and  cavaliers  of  his  court  treading  all 
unconsciously  on  the  brink  of  that  red  terror  soon  to 
engulf  the  monarchy.  The  gas  in  the  reeling  bag  was 
no  more  inflammable  than  the  air  of  Paris  in  those  days 
just  before  the  Revolution.  With  a  salvo  of  cannon 
the  guy-ropes  were  released  and  the  balloon  vanished 
in  the  clouds. 

Benjamin  Franklin,  at  the  moment  representing 
in  France  the  American  colonies  then  struggling  for 
liberty,  witnessed  this  ascension.  **0f  what  use  is 
a  new-bom  child?"  he  remarked  sententiously  as  the 
balloon  vanished.  'Twas  a  saying  worthy  of  a  cau- 
tious philosopher.  Had  Franklin  been  in  Paris  in  19 14 
he  would  have  found  the  child,  grown  to  lusty  man- 
hood, a  strong  factor  in  the  city's  defence.  It  is  worth 
noting  by  the  way  that  so  alert  was  the  American  mind 
at  that  period  that  when  the  news  of  the  Montgolfiers' 
achievement  reached  Philadelphia  it  found  David 
Rittenhouse  and  other  members  of  the  Philosophical 
Society  already  experimenting  with  balloons. 

A  curious  sequel  attended  the  descent  of  the  Montgol- 
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fier  craft  which  took  place  in  a  field  fifteen  miles  from 
Paris.  Long  before  the  days  of  newspapers,  the  peas- 
ants had  never  heard  of  balloons,  and  this  mysterious 
object,  dropping  from  high  heaven  into  their  peaceful 
carrot  patch  affrighted  them.  Some  fled.  Others 
approached  timidly,  armed  with  the  normal  bucolic 
weapons — scjrthes  and  pitchforks.  Attacked  with 
these  the  fainting  monster,  which  many  took  for  a 
dragon,  responded  with  loud  hisses  and  emitted  a  gas 
of  unfamiliar  but  most  pestiferous  odotu*.  It  suggested 
brimstone,  which  to  the  devout  in  turn  implied  the 
presence  of  Satan.  With  gtms,  flails,  and  all  obtainable 
weapons  they  fell  upon  the  emissary  of  the  Evil  One, 
beat  him  to  the  groimd,  crushed  out  of  him  the  vile- 
smelling  breath  of  his  nostrils,  and  finally  hitched 
horses  to  him  and  dragged  him  about  the  fields  imtil 
torn  to  tatters  and  shreds. 

When  the  public-spirited  M.  Charles  who  had  con- 
tributed largely  to  the  cost  of  this  experiment  came  in 
a  day  or  two  to  seek  his  balloon  he  fotmd  nothing 
but  some  shreds  of  cloth,  and  some  lively  legends  of 
the  prowess  of  the  peasants  in  demolishing  the  devil's 
own  dragon. 

The  government,  far-sightedly,  recognizing  that  there 
would  be  more  balloons  and  useful  ones,  thereupon 
issued  this  proclamation  for  the  discotuagement  of 
such  bucolic  valour : 

A  discovery  has  been  made  which  the  government  deems 
it  wise  to  make  known  so  that  alarm  may  not  be  occasioned 
to  the  people.  On  calculating  the  different  weights  of 
inflammable  and  common  air  it  has  been  found  that  a 
balloon  filled  with  inflammable  air  will  rise  toward  heaven 
until  it  is  in  equilibrium  with  the  surrounding  air;  which 
may  not  happen  till  it  has  attained  to  a  great  height.    Any* 
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one  who  should  see  such  a  globe,  resembling  the  moon  in 
an  eclipse,  should  be  aware  that  far  from  being  an  alarming 
phenomenon  it  is  only  a  machine  made  of  taifletas,  or  light 
canvas  covered  with  paper,  that  cannot  possibly  cause  any 
harm  and  which  will  some  day  prove  serviceable  to  the 
wants  of  society. 

Came  now  the  next  great  step  in  the  progress  of 
aeronautics.  It  had  been  demonstrated  that  balloons 
could  lift  themselves.  They  had  even  been  made  to 
lift  dumb  animals  and  restore  them  to  earth  unhurt. 
But  if  the  conquest  of  the  air  was  to  amoimt  to  any- 
thing, men  must  go  aloft  in  these  new  machines.  Lives 
must  be  risked  to  demonstrate  a  theory,  or  to  justify 
a  calculation.  Aeronautics  is  no  science  for  labora- 
tory or  library  prosecution.  Its  battles  must  be 
fought  in  the  sky,  and  its  devotees  must  be  willing  to 
offer  their  lives  to  the  cause.  In  that  respect  the  sci- 
ence of  aviation  has  been  different  from  almost  any 
subject  of  inquiry  that  has  ever  engaged  the  restless 
intellect  of  man,  tmless  perhaps  submarine  navigation, 
or  the  invention  of  explosives.  It  cannot  be  prose- 
cuted except  with  a  perfect  willingness  to  risk  life. 
No  doubt  this  is  one  of  the  reasons  why  practical 
results  seemed  so  long  in  the  coming.  Nor  have  men 
been  niggardly  in  this  enforced  sacrifice.  Though  no 
records  of  assured  accuracy  are  available,  the  names 
of  forty-eight  aeronauts  who  gave  up  their  lives  in 
the  century  following  the  Montgolfiers'  invention 
are  recorded.  That  record  ended  in  1890.  How  many 
have  since  perished,  particularly  on  the  battlefields 
of  Europe  where  aircraft  are  as  commonplace  as 
cannon,  it  is  too  early  yet  to  estimate. 

After  the  success  of  the  ascension  from  the  Champ 
de  Mars,  the  demand  at  once  af ose  for  an  ascension  by 
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leistire  class  is  taking  it  up  in  the  first  days  of  the 
twentieth. 

The  balloon  for  this  adventure  was  bigger  than  its 
predecessors  and  for  the  first  time  a  departure  was 
taken  from  the  spherical  variety — ^the  gas  bag  being 
seventy-four  feet  high,  and  forty-eight  feet  in  diameter. 
Like  the  first  Montgolfier  balloons  it  was  to  be  inflated 
with  hot  air,  and  the  car  was  well  packed  with  bundles 
of  fuel  with  which  the  two  aeronauts  were  to  fill  the 
iron  brazer  when  its  fires  went  down.  The  instinct 
for  art  and  decoration,  so  strong  in  the  French  mind, 
had  been  given  full  play  by  the  constructors  of  this 
balloon  and  it  was  painted  with  something  of  the  gor- 
geousness  of  a  circus  poster. 

A  tremendous  crowd  packed  the  park  near  Paris 
whence  the  ascent  was  made.  Always  the  spectacle 
of  htunan  lives  in  danger  has  a  morbid  attraction  for 
curiosity  seekers,  and  we  have  seen  in  our  own  days 
throngs  attracted  to  aviation  congresses  quite  as  much 
in  the  expectation  of  witnessing  some  fatal  disaster, 
as  to  observe  the  progress  made  in  man's  latest  con- 
quest over  nature.  But  in  this  instance  the  occasion 
justified  the  widest  interest.  It  was  an  historic 
moment — more  epoch-making  than  those  who  gathered 
in  that  field  in  the  environs  of  Paris  could  have  possibly 
imagined.  For  in  the  climisy,  gaudy  bag,  rolling  and 
tossing  above  a  smoky  fire  lay  the  fundamentals  of 
those  great  airships  that,  perfected  by  the  persistence 
of  Count  Zeppelin,  have  crossed  angry  seas,  breasted 
fierce  winds,  defied  alike  the  blackest  nights  and  the 
thickest  fogs  to  rain  their  messages  of  death  on  the 
capital  of  a  foe. 

Contemporary  accounts  of  this  first  ascension  are 
but  few,  and  those  that  have  survived  have  come  down 
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to  us  in  but  fragmentary  form.  It  was  thought  needful 
for  two  to  make  the  ascent,  for  the  car,  or  basket,  which 
held  the  fire  hung  below  the  open  mouth  of  the  bag, 
and  the  weight  of  a  man  on  one  side  would  disturb  the 
perfect  equilibrium  which  it  was  believed  would  be 
essential  to  a  successful  flight.  The  Marquis  d'Ar- 
landes  in  a  published  account  of  the  brief  flight,  which 
sounds  rather  as  if  the  two  explorers  of  an  unknown 
element  were  not  free  from  nervousness,  writes: 

"Our  departure  was  at  fifty-foxu*  minutes  past  one, 
and  occasioned  little  stir  among  the  spectators.  Think- 
ing they  might  be  frightened  and  stand  in  need  of 
encoxu'agement  I  waved  my  arm." 

This  solicitude  for  the  fears  of  the  spectators,  stand- 
ing safely  on  solid  earth  while  the  first  aeronauts  sailed 
skywards,  is  characteristically  Gallic.  The  Marquis 
continues : 

M.  de  Rozier  cried:  "You  are  doing  nothing,  and  we 
are  not  rising."  I  stirred  the  fire  and  then  began  to 
scan  the  river,  but  Pilatre  again  cried :  "  See  the  river.  We 
are  dropping  into  it!"  We  again  urged  the  fire,  but  still 
clung  to  the  river  bed.  Presently  I  heard  a  noise  in  the 
upper  part  of  the  balloon,  which  gave  a  shock  as  though 
it  had  burst.  I  called  to  my  companion:  ''Are  you  danc- 
ing?" The  balloon  by  this  time  had  many  holes  burnt 
in  it  and  using  my  sponge  I  cried  that  we  must  descend. 
My  companion  however  explained  that  we  were  over 
Paris  and  must  now  cross  it;  therefore  raising  the  fire 
once  more  we  turned  south  till  we  passed  the  Luxembourg, 
when,  extinguishing  the  flames,  the  balloon  came  down  spent 
and  empty. 

If  poor  Pilatre  played  the  part  of  a  rather  nervous 
man  in  this  narrative  he  had  the  nerve  still  to  go  on 
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with  his  aeronautical  experiments  to  the  point  of  deaths 
In  1 785  he  essayed  the  crossing  of  the  English  Channel 
in  a  balloon  of  his  own  design,  in  which  he  sought  to 
combine  the  principles  of  the  gas  and  hot-air  balloons. 
It  appears  to  have  been  something  like  an  effort  to 
combine  nitro-glycerine  with  an  electric  spark.  At 
any  rate  the  dense  crowds  that  thronged  the  coast 
near  Boulogne  to  see  the  start  of  the  '*  Charles — ^Mont- 
golfier" — ^as  the  balloon  was  named  after  the  origina- 
tors of  the  rival  systems — saw  it,  after  half  an  hour's 
drift  out  to  sea,  suddenly  explode  in  a  burst  of  flame. 
De  Rozier  and  a  friend  who  accompanied  him  were 
killed.  A  monument  still  recalls  their  fate,  which 
however  is  more  picturesquely  recorded  in  the  signs 
of  stmdry  inns  and  caf6s  of  the  neighbourhood 
which  offer  refreshment  in  the  name  of  Les  Aviateurs 
Perdus, 

Thereafter  eocperimenters  with  balloons  multiplied 
amazingly.  The  world  thought  the  solution  of  the 
problem  of  flight  had  been  found  in  the  gas  bag.  Within 
two  months  a  balloon  capable  of  lifting  eighteen  tons 
and  carrying  seven  passengers  ascended  three  thousand 
feet  at  Lyons,  and,  though  sustaining  a  huge  rent  in 
the  envelope,  because  of  the  expansion  of  the  gas  at 
that  height,  returned  to  earth  in  safety.  The  fever 
ran  from  Prance  to  England  and  in  1784,  only  a  year 
after  the  first  Montgolfier  experiments,  Lunardi,  an 
Italian  aeronaut  made  an  ascension  from  London 
which  was  viewed  by  King  George  III.  and  his  minis- 
ters,  among  them  William  Pitt.  But  the  early  enthu- 
siasm for  ballooning  quickly  died  down  to  mere 
curiosity.  It  became  apparent  to  all  that  merely  to  rise 
into  the  air,  there  to  be  the  helpless  plaything  of  the 
wind,  was  but  a  useless  and  futile  accomplishment. 
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together  with  some  comments,  at  once  suggestive  and 
humorous,  which  are  worth  quoting: 

Some  think  [he  wrote  of  the  balloon]  Progressive  Motion 
on  the  Earth  may  be  advanc'd  by  it,  and  that  a  Running 
Footman  or  a  Horse  slung  and  suspended  under  such  a 
Globe  so  as  to  have  no  more  of  Weight  pressing  the  Earth 
with  their  Feet  than  Perhaps  8  or  lo  Pounds,  might  with 
a  fair  Wind  run  in  a  straight  Line  across  Countries  as  fast 
as  that  Wind,  and  over  Hedges,  Ditches  and  even  Waters. 
It  has  been  even  fancied  that  in  time  People  will  keep  such 
Globes  anchored  in  the  Air  to  which  by  Pullies  they  may 
draw  up  Game  to  be  preserved  in  the  Cool  and  Water  to 
be  frozen  when  Ice  is  wanted.  And  that  to  get  Money 
it  will  be  contriv'd,  by  running  them  up  in  an  Elbow  Chair 
a  Mile  high  for  a  guinea,  etc.,  etc. 

With  his  New  England  lineage  Franklin  could  hardly 
have  failed  of  this  comparison:  "A  few  Months  since 
the  Idea  of  Witches  riding  through  the  Air  upon  a 
broomstick,  and  that  of  Philosophers  upon"  a  Bag  of 
Smoke  would  have  appeared  equally  impossible  and 
ridiculous." 

To-day  when  aircraft  are  the  eyes  of  the  armies  in 
the  greatest  war  of  history,  and  when  it  appears  that, 
with  the  return  of  peace,  the  conquest  of  the  air  for 
the  ordinary  uses  of  man  will  be  swiftly  completed, 
Franklin's  good-htunoured  plea  for  the  fullest  experi- 
mentation is  worth  recalling.  And  the  touch  of  piety 
with  which  he  concludes  his  argimient  is  a  delightftd 
example  of  the  whimsical  fashion  in  which  he  often 
undertook  to  bolster  up  a  mundane  theory  with  a 
reference  to  things  supematxu'al. 

I  am  sorry  this  Experiment  is  totally  neglected  in  Eng- 
land, where  mechanic  Genius  is  so  strong.     I  wish  I  could 
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see  the  same  Emtdation  between  the  two  Nations  as  I  see 
between  the  two  Parties  here.  Your  Philosophy  seems  to 
be  too  bashful.  In  this  Country  we  are  not  so  much  afraid 
of  being  laught  at.  If  we  do  a  foolish  thing,  we  are  the  first 
to  laugh  at  it  ourselves,  and  are  almost  as  much  pleased 
with  a  Bon  Mot  or  a  Chanson,  that  ridicules  well  the  Disap- 
pointment of  a  Project,  as  we  might  have  been  with  its 
success.  It  does  not  seem  to  me  a  good  reason  to  decline 
prosecuting  a  new  Experiment  which  apparently  increases 
the  power  of  Man  over  Matter,  till  we  can  see  to  what  Use 
that  Power  may  be  applied.  When  we  have  learnt  to 
manage  it,  we  may  hope  some  time  or  other  to  find  Uses 
for  it,  as  men  have  done  for  Magnetism  and  Electricity, 
of  which  the  first  Experiments  were  mere  Matters  of 
Amusement. 

This  Experience  is  by  no  means  a  trifling  one.  It  may 
be  attended  with  important  Consequences  that  no  one 
can  foresee.  We  should  not  stiffer  Pride  to  prevent  our 
progress  in  Science. 

Beings  of  a  Rank  and  Nature  far  superior  to  ours  have 
not  disdained  to  amuse  themselves  with  making  and 
launching  Balloons,  otherwise  we  should  never  have  en- 
joyed the  Light  of  those  glorious  objects  that  rule  our 
Day  &  Night,  nor  have  had  the  Pleasure  of  riding  round 
the  Stm  ourselves  upon  the  Balloon  we  now  inhabit. 

B.  Franklin. 

The  earliest  experimenters  thought  that  oars  might 
be  employed  to  propel  and  direct  a  balloon.  The 
inmiediate  failure  of  all  endeavours  of  this  sort,  led  them, 
still  pursuing  the  analogy  between  a  balloon  and  a  ship 
at  sea,  to  try  to  navigate  the  air  with  sails.  This 
again  proved  futile.  It  is  impossible  for  a  balloon,  or 
airship  to  "tack"  or  manoeuvre  in  any  way  by  sail 
power.  It  is  in  fact  a  monster  sail  itself,  needing  some 
other  power  than  the  wind  to  make  headway  or  steer- 
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age  »ay  against  che  wind.  The  sail  device  was  tested 
only  to  be  abandoned.  Oaiy  wbsi  a.  trail  rope  drag- 
ffog  alODg  the  ^iin"id  or  aea  is  employed  does  t-h^  cati 
offer  stiffident  resstance  to  the  wind  to  sw^  tlie 

balbxxi's  comse  tins 

way  or  that.  And 
a  trauer  is  imprap- 
ticable  wlien  navi- 
gating gteat  heif^its. 
Pfx-  these  reasons 
the  devri<^xneat  of 
the  balloan  lagged, 
until  Cotint  Zq>pe- 
fin  and  M.  Santos- 
Dnmont  consecrat" 
ed  their  fortunes, 
■  their  inventive 
minds,  and  their 
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the  task  of  perfect- 
ing a  dirigible.  In 
a  book,  necessarily 
packed  with  infor- 
mation concerning 
the  rapid  develop- 
ment  of  aircraft 
which  began  in  the  last  decade  of  the  nineteenth  cen- 
tury and  was  enonnously  stimulated  during  the  war 
of  all  the  world,  the  long  series  of  early  experiments 
with  balloons  must  be  passed  over  hastily.  Though 
intcTL'sting  historically  these  experiments  were  futile. 
Bpyond  having  discovered  what  could  not  be  done  with 
n  liiilloon  the  practitioners  of  that  form  of  aeronautics 
were  little  further  along  in  1898  when  Count  Zeppelin 
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came  along  with  the  first  plan  for  a  rigid  dirigible 
than  they  were  when  Blanchard  in  1786,  seizing  a 
favotirable  gale  drifted  across  the  English  Channel  to 
the  French  shore,  together  with  Dr.  Jefferies,  an 
American.  It  was  just  124  years  later  that  Bleriot, 
a  Frenchman,  made  the  crossing  in  an  airplane  inde- 
pendently of  favouring  winds.  It  had  taken  a  century 
and  a  quarter  to  attain  this  independence. 

In  a  vague  way  the  earliest  balloonists  recognized 
that  power,  independent  of  wind,  was  necessary  to  give 
balloons  steerage  way  and  direction.  Steam  was  in 
its  infancy  during  the  early  days  of  ballooning,  but  the 
efforts  to  devise  some  sort  of  an  engine  light  enough 
to  be  carried  into  the  air  were  untiring.  Within  a 
year  after  the  experiments  of  the  Montgolfier  brothers, 
the  suggestion  was  made  that  the  explosion  of  small 
quantities  of  gun-cotton  and  the  expulsion  of  the  re- 
sulting gases  might  be  utilized  in  some  fashion  to  oper- 
ate propelling  machinery.  Though  the  suggestion  was 
not  developed  to  any  useful  point  it  was  of  interest 
as  forecasting  the  ftmdamental  idea  of  the  gas  engines 
of  to-day  which  have  made  aviation  possible — that  is, 
the  creation  of  power  by  a  series  of  explosions  within 
the  motor. 

In  the  effort  to  make  balloons  dirigible  one  of  the 
first  steps  was  to  change  the  form  from  the  spherical 
or  pear-shaped  bag  to  a  cylindrical,  or  cigar-shape. 
This  device  was  adopted  by  the  brothers  Robert  in 
France  as  early  as  1784.  Their  balloon  further  had  a 
double  skin  or  envelope,  its  purpose  being  partly  to 
save  the  gas  which  percolated  through  Ithe  inner  skin, 
partly  to  maintain  the  rigidity  of  the  structxu^.  As 
gas  escapes  from  an  ordinary  balloon  it  becomes  flabby, 
and  can  be  driven  through  the  air  only  with  extreme 
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difficulty.  In  the  balloon  of  the  Robert  brothers  air 
GGvdd  from  time  to  time  be  ptmaped  into  the  space 
between  the  two  skins,  keeping  the  outer  envelope 
always  fully  distended  and  rigid.  In  later  years  this 
idea  has  been  modified  by  incorporating  in  the  envelope 
one  large  or  a  nimiber  of  smaller  balloons  or  "balloon- 
ets,"  into  which  air  may  be  pimiped  as  needed. 

The  shape  too  has  come  to  approximate  that  of  a 
fish  rather  than  a  bird,  in  the  case  of  balloons  at  least. 
"The  head  of  a  cod  and  the  tail  of  a  mackerel/'  was 
the  way  Marey-Monge,  the  French  aeronaut  described 
it.  Though  most  apparent  in  dirigible  balloons,  this 
will  be  seen  to  be  the  favourite  design  for  airplanes 
if  the  wings  be  stripped  off,  and  the  body  and  tail 
alone  considered.  Complete,  these  machines  are  not 
tmlike  a  tiying  fish. 

In  England,  Sir  George  Cayley,  as  early  as  1810 
studied  and  wrote  largely  on  the  subject  of  dirigibles 
but,  though  the  English  call  him  the  "father  of  British 
aeronautics,"  his  work  seems  to  have  been  rather 
theoretical  than  practical.  He  did  indeed  demonstrate 
mathematically  that  no  lifting  power  existed  that 
would  support  the  cumbrous  steam-engine  of  that 
date,  and  tried  to  solve  this  dilemma  by  devising  a 
gas  engine,  and  an  explosive  engine.  With  one  of  the 
latter,  driven  by  a  series  of  explosions  of  gunpowder, 
each  in  a  separate  cell  set  off  by  a  detonator,  he  equipped 
a  flying  machine  which  attained  a  sufficient  height  to 
frighten  Cayley's  coachman,  whom  he  had  persuaded 
to  act  as  pilot.  The  rather  tmwilling  aviator,  fearing 
a  loftier  flight,  jumped  out  and  broke  his  leg.  Though 
by  virtue  of  this  martyrdom  his  name  should  surely 
have  descended  to  fame  with  that  of  Cayley  it  has  been 
lost,  together  with  all  record  of  any  later  performances 
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of  the  machine,  which  unquestionably  embodied  some 
of  the  basic  principles  of  our  modem  aircraft,  thottgh 
it  antedated  the  first  ctf  these  by  nearly  a  century. 

We  may  pass  over  hastily  some  of  the  later  experi- 
ments with  dirigibles  that  failed.  In  1834  the  Count 
de  Lennox  built  an  airship  130  feet  long  to  be  driven 
by  oars  worked  by  man  power.    When  the  crowd  that 
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gathered  to  watch  the  ascent  found  that  the  machine 
was  too  heavy  to  ascend  even  without  the  men,  they 
expressed  their  lively  contempt  for  the  inventor  by 
tearing  his  clothes  to  tatters  and  smashing  his  luckless 
airship.  In  1852,  another  Frenchman,  Henry  Giffard, 
built  a  dgar-shaped  balloon  150  feet  long  by  40  feet 
in  diameter,  driven  by  steam.  The  engine  weighed 
three  hundred  pounds  and  generated  about  3  H.-P. — 
about  7^7  as  much  power  as  a  gas  engine  of  equal 
weight  would  produce.  Even  with  this  slender  power, 
however,  Gi£Eard  attained  a  speed,  independent  of  the 
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wind,  of  from  five  to  seven  miles  an  hour — enough  at 
least  for  steerage  way.  This  was  really  the  first  practi- 
cal demonstration  of  the  possibilities  of  the  mechanical 
proptilsion  of  balloons.  Several  adaptations  of  the 
Giffard  idea  followed,  and  in  1883  Renard  and  Krebs, 
in  a  fusiform  ship,  driven  by  an  electric  motor,  attained 
a  speed  of  fifteen  miles  an  hour.  By  this  time  inven- 
tive genius  in  all  countries — save  the  United  States 
which  lagged  in  interest  in  dirigibles — ^was  stimulated. 
Germany  and  France  became  the  great  protagonists 
in  the  struggle  for  precedence  and  in  the  struggle  two 
figiu^es  stand  out  with  commanding  prominence — ^the 
Count  von  Zeppelin  and  Santos-Dumont,  a  young 
Brazilian  resident  in  Paris  who  without  official  coim- 
tenance  consecrated  his  fortune  to,  and  risked  his  life 
in,  the  service  of  aviation. 


CHAPTER  III 

THE  SBfeVICES  OF  SANTOS-DUMONT 

In  his  book  my  Airships  the  distinguished  aviator 
A.  Santos-Dumont  tells  this  story  of  the  ambition  of 
his  youth  and  its  realization  in  later  days : 

I  cannot  say  at  what  age  I  made  my  first  kites,  but  I 
remember  how  my  comrades  used  to  tease  me  at  our  game  of 
"pigeon  flies."  All  the  children  gather  round  a  table  and 
the  leader  calls  out  ''Pigeon  Flies !  Hen  flies !  Crow  flies ! 
Bee  flies!"  and  so  on;  and  at  each  call  we  were  supposed 
to  raise  our  fingers.  Sometimes,  however,  he  would  call 
out  '*  Dog  flies !  Fox  flies ! "  or  some  other  like  impossibility 
to  catch  us.  If  any  one  raised  a  finger  then  he  was  made  to 
pay  a  forfeit.  Now  my  playmates  never  failed  to  wink  and 
smile  mockingly  at  me  when  one  of  them  called  *'  Man  flies !" 
for  at  the  word  I  would  always  raise  my  finger  very  high, 
as  a  sign  of  absolute  conviction,  and  I  refused  with  energy 
to  pay  the  forfeit.  The  more  they  laughed  at  me  the 
happier  I  was,  hoping  that  some  day  the  laugh  wotdd  be 
on  my  side. 

Among  the  thousands  of  letters  which  I  received  after 
winning  the  Deutsch  prize  (a  prize  offered  in  1901  for  sail- 
ing arotmd  the  Eiffel  Tower)  there  was  one  that  gave  me 
pectdiar  pleasure.     I  quote  from  it  as  a  matter  of  curiosity: 

"Do  you  remember,  my  dear  Alberto,  when  we  played 
together  'Pigeon  Flies!*?  It  came  back  to  me  suddenly 
when  the  news  of  your  success  reached  Rio.     '  Man  flies !  * 

39 


40  Aircraft  and  Submarines 

old  fellow!    You  were  right  to  raise  your  finger,  and  you 
have  just  proved  it  by  flying  round  the  Eiflfel  Tower. 

"They  play  the  old  game  now  more  than  ever  at  home; 
but  the  name  has  been  changed,  and  the  rules  modified 
since  October  19, 1901.  They  call  it  now  'Man  flies!'  and 
he  who  does  not  raise  his  finger  at  the  word  pays  the  forfeit." 

The  story  of  Santos-Dumont  affords  a  curious 
instance  of  a  boy  being  obsessed  by  an  idea  which  as 
a  man  he  carried  to  its  successful  fruition.  It  offers 
also  evidence  of  the  service  that  may  accrue  to  society 
from  the  devotion  of  a  dilettante  to  what  people  may 
call  a  "fad/'  but  what  is  in  fact  the  germ  of  a  great 
idea  needing  only  an  enthusiast  with  enthusiasm, 
brains,  and  money  for  its  development.  Because  the 
efforts  of  Santos-Dumont  always  smacked  of  the  ama- 
teur he  has  been  denied  his  real  place  in  the  history  of 
aeronautics,  which  is  that  of  a  fearless  innovator,  and 
a  devoted  worker  in  the  cause. 

Bom  on  one  of  those  great  coffee  plantations  of 
Brazil,  where  all  is  done  by  machinery  that  possibly 
can  be,  Santos-Dtimont  early  developed  a  passion 
for  mechanics.  In  childhood  he  made  toy  airplanes. 
He  confesses  that  his  favourite  author  was  Jules  Verne, 
that  literary  idol  of  boyhood,  who  while  writing  books 
as  wildly  imaginative  as  any  dime  tale  of  redskins,  or 
nickel  novel  of  the  doings  of  **Nick  Carter"  had  none 
the  less  the  spirit  of  prophecy  that  led  him  to  forecast 
the  submarine,  the  automobile,  and  the  navigation  of  the 
air.  At  fifteen  Santos-Dumont  saw  his  fiirst  balloon 
and  marked  the  day  with  red. 

I  too  desired  to  go  ballooning  [he  writes].  In  the  long 
stm-bathed  Brazilian  afternoons,  when  the  hiun  of  insects, 
punctuated  by  the  far-off  cry  of  some  bird  lulled  me,  I 
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would  lie  in  the  shade  of  the  veranda  and  gaze  into  the 
fair  sky  of  Brazil  where  the  birds  fly  so  high  and  soar  with 
such  ease  on  their  great  outstretched  wings;  where  the 
clouds  mount  so  gaily  in  the  pure  light  of  day,  and  you 
have  only  to  raise  your  eyes  to  fall  in  love  with  space 
and  freedom.  So,  musing  on  the  exploration  of  the  aerial 
ocean,  I,  too,  devised  airships  and  flying-machines  in  my 
imagination. 

From  dreaming,  the  boy's  ambitions  rapidly  de- 
veloped into  actions.  Good  South  Americans,  whatever 
the  practice  of  their  northern  neighbours,  do  not  wait 
to  die  before  going  to  Paris.  At  the  age  of  eighteen  the 
youth  found  himself  in  the  capital  of  the  world.  To  his 
amazement  he  found  that  the  science  of  aeronautics, 
such  as  it  was,  had  stopped  with  Giffard's  work  in 
1852.  No  dirigible  was  to  be  heard  of  in  all  Paris. 
The  antiquated  gas  ball  was  the  only  way  to  approach 
the  upper  air.  When  the  boy  tried  to  arrange  for  an 
ascension  the  balloonist  he  consulted  put  so  unconscion- 
able a  price  on  one  ascent  that  he  bought  an  auto- 
mobile instead — one  of  the  first  made,  for  this  was  in 
1 89 1 — and  with  it  returned  to  Brazil.  It  was  not  until 
six  years  later  that,  his  ambition  newly  fired  by  read- 
ing of  Andr6e's  plans  for  reaching  the  Pole  in  a  balloon, 
Santos-Dumont  took  up  anew  his  ambition  to  become 
an  aviator.  His  own  accoimt  of  his  first  ascent  does 
not  bear  precisely  the  hall-mark  of  the  enthusiast  too 
rapt  in  ecstasy  to  think  of  common  things.  "I  had 
brought  up,"  he  notes  gravely,  "a  substantial  limch  of 
hard-boiled  eggs,  cold  roast  beef  and  chicken,  cheese, 
ice  cream,  fruits  and  cakes,  champagne,  coffee,  and 
chartreuse!" 

The  balloon  with  its  intrepid  voyagers  nevertheless 
rettuned  to  earth  in  safety. 
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A  picturesque  figure,  an  habitue  of  the  chibs  and  an 
eager  sportsman,  Santos-Dumont  at  once  won  the 
liking  of  the  French  people,  and  attracted  attention 
wherever  people  gave  thought  to  aviation.  Liberal  in 
expenditure  of  money,  and  utterly  feariess  in  exposing 
his  life,  he  pushed  his  experiments  for  the  development 
of  a  true  dirigible  tirelessly.  Perhaps  his  major  fault 
was  that  he  learned  but  slowly  from  the  experiences 
of  others.  He  clung  to  the  spherical  balloon  long 
after  the  impossibility  of  controlling  it  in  the  air  was 
accepted  as  imavoidable  by  aeronauts.  But  in  1898 
having  become  mfatuated  with  the  performances  of 
a  little  sixty-six  pound  tricycle  motor  he  determined  to 
build  a  dgar-shaped  airship  to  fit  it,  and  with  that 
determination  won  success. 

Amateur  he  may  have  been,  was  indeed  throughout 
the  greater  part  of  bis  career  as  an  airman.  Never- 
theless Santos-Dumont  has  to  his  credit  two  very 
notable  achievements. 

He  was  the  first  constructor  and  pilot  of  a  dirigible 
balloon  that  made  a  round  trip,  that  is  to  say  returned 
to  its  starting  place  after  rounding  a  stake  at  some 
distance — in  this  instance  the  Eiffel  Tower,  3^2  miles 
from  St.  Cloud  whence  Santos-Dtunont  started  and 
whither  he  returned  within  half  an  hour,  the  time 
prescribed. 

This  was  not,  indeed,  the  first  occasion  on  which  a 
round  trip,  necessitating  operation  against  the  wind 
on  at  least  one  course,  had  been  made  In  1884 
Captain  Renard  had  accomplished  this  feat  for  the  first 
time  with  the  fish-shaped  balloon  La  France,  driven 
by  an  electric  motor  of  nine  horse-power.  But  though 
thus  antedated  in  his  exploit.  Santos-Dumont  did  in 
fact  accomplish  more  for   the  advancement  and  de- 
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vdopment  of  dirigible  balloons.  To  begin  with  he  was 
able  to  use  a  new  and  efficient  form  of  motor  destined 
to  become  popular,  and  capable,  as  the  automobile 
manufacturers  later  showed,  of  almost  illimitable 
development  in  the  direction  of  power  and  lightness. 
Except  for  the  gasoline  engine,  developed  by  the  makers 
of  motor  cars,  aviation  to-day  would  be  where  it  was 
a  quarter  of  a  century  ago. 

Moreover  by  his  personal  qualities,  no  less  than  by 
his  successful  demonstration  of  the  possibilities  in- 
herent in  the  dirigible,  Santos-Dumont  persuaded  the 
French  Government  to  take  up  aeronautics  again, 
after  abandoning  the  subject  as  the  mere  fad  of  a 
number  of  visionaries. 

Turning  from  balloons  to  airplanes  the  Brazilian 
was  the  first  aviator  to  make  a  flight  with  a  heavier- 
than-air  machine  before  a  body  of  judges.  This  tri- 
umph was  mainly  technical.  The  Wrights  had  made 
an  equally  notable  flight  almost  a  year  before  but  not 
under  conditions  that  made  it  a  matter  of  scientific 
record. 

But  setting  aside  for  the  time  the  work  done  by 
Santos-Dumont  with  machines  heavier  than  air,  let 
us  consider  his  triumphs  with  balloons  at  the  opening 
of  his  career.  He  had  come  to  France  about  forty 
years  after  Henry  Giffard  had  demonstrated  the  practi- 
cability of  navigating  a  balloon  144  feet  long  and  34 
feet  in  diameter  with  a  three-horse-power  steam-engine. 
But  no  material  success  attended  this  demonstration, 
important  as  it  was,  and  the  inventor  turned  his  atten- 
tion to  captive  balloons,  operating  one  at  the  Paris 
Exposition  of  1878  that  took  up  forty  passengers  at  a 
time.  There  followed  Captain  Renard  to  whose 
achievement  we  have  already  referred.    He  had  laid 
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down  as  the  fundamentals  of  a  dirigible  baUoon  these 
specifications: 


A  cigar,  or  fish-like  shape. 

An  internal  sack  or  ballonet  into  which  air  roi^txt 

be  pumped  to  replace  any  lost  gas,  and  maintain 

the  shape  of  the  balloon. 
A  keel,  or  other  longitudinal  brace,  to  maintain  the 

longitudinal  stability  of  the  balloon  and  from  which 

the  car  containing  the  motor  might  be  hung. 
A  propdler  driven  by  a  motor,  the  size  and  power  of 

both  to  be  as  great  as  permitted  by  the  lifting 

power  of  the  balloon. 
A  rudder  capable  of  controlling  the  course  of  the 

ship. 

Santos-Dumont  adopted  all  of  these  specifications, 
but  added  to  them  certain  improvements  which  gave 
his  airships — ^he  built  five  of  them  before  taking  his 
first  prize — notable  superiority  over  that  of  Renard. 
To  begin  with  he  had  the  inestimable  advantage  of 
having  the  gasoline  motor.  He  further  lightened  his 
craft  by  having  the  envelope  made  of  Japanese  silk, 
in  flat  defiance  of  all  the  builders  of  balloons  who 
assured  him  that  the  substance  was  too  light  and  its 
use  would  be  suicidal.  **  All  right, "  said  the  innovator 
to  his  favourite  constructor,  who  refused  to  build  him 
a  balloon  of  that  material,  *'I'll  build  it  myself."  In 
the  face  of  this  threat  the  builder  capitulated.  The 
balloon  was  built,  and  the  silk  proved  to  be  the  best 
fabric  available  at  that  time  for  the  purpose.  A  keel 
made  of  strips  of  pine  banded  together  with  alumintun 
wire  formed  the  backbone  of  the  Santos-Dumont  craft, 
and  from  it  depended  the  car  about  one  quarter  of  the 
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length  of  the  ballcx)n  and  hung  squarely  amidships. 
The  idea  of  this  keel  occurred  to  the  inventor  while 
pleastuing  at  Nice.     Later  it  saved  his  life. 

One  novel  and  exceedingly  simple  device  bore  wit- 
ness to  the  ingenuity  of  the  inventor.  He  had  noticed 
in  his  days  of  free  ballooning  that  to  rise  the  aeronaut 
had  to  throw  out  sand-ballast;  to  descend  he  had  to 
open  the  valves  and  let  out  gas.  As  his  supply  of 
both  gas  and  sand  was  limited  it  was  dear  that  the 
time  of  his  flight  was  necessarily  curtailed  every  time 
he  ascended  or  descended.  Santos-Dumont  thought 
to  husband  his  supplies  of  lifting  force  and  of  ballast, 
and  make  the  motor  raise  and  lower  the  ship.  It  was 
obvious  that  the  craft  would  go  whichever  way  the 
bow  might  be  pointed,  whether  up  or  down.  But  how 
to  shift  the  bow?  The  solution  seems  so  simple  that 
one  wonders  it  ever  perplexed  aviators.  From  the 
peak  of  the  bow  and  stem  of  his  craft  Santos-Dumont 
hung  long  ropes  caught  in  the  centre  by  lighter  ropes 
by  which  they  could  be  dragged  into  the  car.  In  the 
car  was  carried  a  heavy  bag  of  sand,  which  so  long  as 
it  was  there  held  the  ship  in  a  horizontal  plane.  Was 
it  needful  to  depress  the  bow?  Then  the  bow  rope 
was  hauled  in,  the  bag  attached,  and  swimg  out  to  a 
position  where  it  would  pull  the  forward  tip  of  the 
delicately  adjusted  gas  bag  toward  the  earth.  If  only 
a  gentle  inclination  was  desired  the  bag  was  not  al- 
lowed to  hang  directly  under  the  bow,  but  was  held  at 
a  point  somewhere  between  the  car  and  the  bow  so 
that  the  pull  would  be  diagonal  and  the  great  cylinder 
would  be  diverted  but  little  from  the  horizontal.  If  it 
were  desired  to  ascend,  a  like  manipulation  of  the 
ballast  on  the  stem  rope  would  depress  the  stem  and 
point  the  bow  upwards.    For  slight  changes  in  direc- 
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tion  it  was  not  necessary  even  to  attach  the  sand  bag. 
Merely  drawing  the  rope  into  the  car  and  thxis  chang- 
ing the  line  of  its  ''pull"  was  snffictent. 

The  Deutsch  prize  which  stinmlated  Santos-Dumont 
to  his  greatest  achievements  with  dirigibles  was  a 
purse  of  twenty  thousand  dollars,  offered  by  Mr.  Henry 
Deutsche  a  wealthy  patron  of  the  art  of  aviation.  Not 
himself  an  aviator,  M.  Deutsch  gr^tly  aided  the  pro- 
gress of  the  air's  conquest.  Convinced  that  the  true 
solution  of  the  problem  lay  in  development  of  the 
gasoline  engine,  he  expended  large  sums  in  developing 
and  perfecting  it.  When  he  believed  it  was  sufSdently 
developed  to  solve  the  problem  of  directing  the  flight 
of  balloons  he  offered  his  prize  for  the  circuit  of  the 
Eiffel  Tower.  The  conditions  of  the  contest  were  not 
easy.  The  competitor  had  to  sail  from  the  Aero  Club 
at  St.  Cloud,  pass  twice  over  the  Seine  which  at  that 
point  makes  an  abrupt  bend,  sail  over  the  Bois  de 
Botilogne,  circle  the  Tower,  and  return  to  the  stopping 
place  within  a  half  an  hour.  The  distance  was  about 
seven  miles,  and  it  is  noteworthy  that  in  his  own  com- 
ment on  the  test  Santos- Dumont  complains  that  that 
required  an  average  speed  of  fifteen  miles  an  horn: 
of  which  he  could  not  be  sure  with  his  balloon.  To-day 
dirigibles  make  sixty  miles  an  hour,  and  airplanes 
not  infrequently  reach  130  miles.  Moreover  there 
could  be  no  picking  of  a  day  on  which  atmospheric 
conditions  were  especially  good.  Mr.  Deutsch  had 
stipulated  that  the  test  must  be  made  in  the  presence 
of  a  Scientific  Commission  whose  members  must  be 
notified  twenty-four  hours  in  advance.  None  could 
tell  twenty-four  hours  ahead  what  the  air  might  be 
like,  and  as  for  utilizing  the  aviator's  most  favourable 
hour,  the  calm  of  the  dawn,  M.  Santos-Dtunont  re- 
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mai^ced:  ''The  duellist  may  call  out  his  friends  at  that 
sacred  hour,  but  not  the  airship  captain." 

The  craft  with  which  the  Brazilian  first  strove 
to  win  the  Deutsch  prize  he  called  Santos-DununU 
No.  V.  It  was  a  cylinder,  sharp  at  both  ends,  109  feet 
long  and  driven  by  a  12-horse-power  motor.  A  new 
feature  was  the  use  of  piano  wire  for  the  support  of 
the  car,  thus  greatly  reducing  the  resistance  of  the 
air  which  in  the  case  of  the  old  cord  suspensions  was 
almost  as  great  as  that  of  the  balloon  itself.  Another 
novel  feature  was  water  ballast  tanks  forward  and 
aft  on  the  balloon  itself  and  holding  together  twelve 
gallons.  By  pulling  steel  wires  in  the  car  the  aviator 
could  open  the  stop-cocks.  The  layman  scarcely 
appreciates  the  very  slight  shift  in  ballast  which  will 
affect  the  stability  of  a  dirigible.  The  shifting  of  a 
rope  a  few  feet  from  its  normal  position,  the  dropping 
of  two  handfuls  of  sand,  or  release  of  a  cup  of  water 
will  do  it.  A  humorous  writer  describing  a  lunch 
with  Santos-Dumont  in  the  air  says:  ''Nothing  must 
be  thrown  overboard,  be  it  a  bottle,  an  empty  box  or 
a  chicken  bone  without  the  pilot's  permission." 

After  unofficial  tests  of  his  "No.  5"  in  one  of  which 
he  drded  the  Tower  without  difficulty,  Santos-Dumont 
summoned  the  Scientific  Commission  for  a  test.  In 
ten  minutes  he  had  turned  the  Tower,  and  started  back 
Against  a  fierce  head- wind,  which  made  him  ten  minutes 
late  in  reaching  the  time-keepers.  Just  as  he  did  so 
his  engine  failed,  and  after  drifting  for  a  time  his  ship 
perched  in  the  top  of  a  chestnut  tree  on  the  estate  of 
M.  Edmond  Rothschild.  Philosophical  as  ever  the 
aeronaut  dung  to  his  craft,  dispatched  an  excellent 
lunch  which  the  Princess  Isabel,  Comtesse  d^u, 
daughter  of  Dom  Pedro,   the  deposed  Emperor  of 
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to  let  the  airship  go  down  as  it  was  going.  It  may  have 
seemed  a  terrific  fall  to  those  who  watched  it  from  the 
ground  but  to  me  the  worst  detail  was  the  airship's  lack 
of  equilibrium.  The  half-empty  balloon,  fluttering  its 
empty  end  as  an  elephant  waves  his  trunk,  caused  the  air- 
ship's stem  to  point  upward  at  an  alarming  angle.  What 
I  most  feared  therefore  was  that  the  unequal  strain  on  the 
suspension  wires  would  break  them  one  by  one  and  so 
precipitate  me  to  the  ground. 

Why  was  the  balloon  fluttering  an  empty  end  causing 
all  this  extra-danger?  How  was  it  that  the  rotary  ventilator 
was  not  fulfilling  its  ptirpose  in  feeding  the  interior  air 
balloon  and  in  this  manner  swelling  out  the  gas  balloon 
around  it?  The  answer  must  be  looked  for  in  the  nature 
of  the  accident.  The  rotary  ventilator  stopped  working 
when  the  motor  itself  stopped,  and  I  had  been  obliged  to 
stop  the  motor  to  prevent  the  propeller  from  tearing  the 
suspension  wires  near  it  when  the  balloon  first  began  to 
sag  from  loss  of  gas.  It  is  true  that  the  ventilator  which  was 
working  at  that  moment  had  not  proved  sufficient  to  pre- 
vent the  first  sagging.  It  may  have  been  that  the  interior 
balloon  refused  to  fill  out  properly.  The  day  after  the 
accident  when  my  balloon  constructor's  man  came  to  me 
for  the  plans  of  a  "No.  6"  balloon  envelope  I  gathered  from 
something  he  said  that  the  interior  balloon  of  ''No.  5,"  not 
having  been  given  time  for  its  varnish  to  dry  before  being 
adjusted,  might  have  stuck  together  or  stuck  to  the  sides 
or  bottom  of  the  outer  balloon.  Such  are  the  rewards  of 
haste. 

I  was  falling.  At  the  same  time  the  wind  was  carrying 
me  toward  the  Eiffel  Tower.  It  had  already  carried  me 
so  far  that  I  was  expecting  to  land  on  the  Seine  embank- 
ment beyond  the  Trocadero.  My  basket  and  the  whole  of 
the  keel  had  already  passed  the  Trocadero  hotels,  and  had 
my  balloon  been  a  spherical  one  it  would  have  cleared  the 
building.  But  now  at  the  last  critical  moment,  the  end 
of  the  long  balloon  that  was  still  full  of  gas  came  slap- 
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ping  down  on  the  roof  jxist  before  clearing  it.  It  eiplodecf 
with  a  great  noise;  stnxck  after  being  blown  vtp.  Tins  was 
the  terrific  explosion  described  in  the  newspaper  of  the  day. 

I  had  made  a  mistake  in  my  estimate  of  the  wind's  forces 
by  a  few  yards.  Instead  of  being  carried  on  to  fall  on  the 
Seine  embankment,  I  now  found  myself  Hgtngmgr  in  my 
wicker  basket  high  up  in  the  courtyard  of  the  Trocadero  ho- 
tels, supported  by  my  airship's  keel,  that  stood  braced  at  an 
angle  of  about  forty-five  d^;rees  between  the  courtyard 
wall  above  and  the  roof  of  a  lower  construction  farther 
down.  The  keel,  in  spite  of  my  weight,  that  of  the  motor  and 
machinery,  and  the  shock  it  had  received  in  falling,  resisted 
wonderfully.  The  thin  pine  scantlings  and  piano  wires 
of  Nice  (the  town  where  the  idea  of  a  keel  first  suggested 
itself)  had  saved  my  life! 

After  what  seemed  tedious  waiting,  I  saw  a  rope  being 
lowered  to  me  from  the  roof  above.  I  held  to  it  and  was 
hauled  up,  when  I  perceived  my  rescuers  to  be  the  brave 
firemen  of  Paris.  From  their  station  at  Passy  they  had 
been  watching  the  flight  of  the  airship.  They  had  seen 
my  fall  and  immediately  hastened  to  the  spot.  Then* 
having  rescued  me,  they  proceeded  to  rescue  the  airship. 

The  operation  was  painful.  The  remains  of  the  balloon 
envelope  and  the  suspension  wires  hung  lamentably;  and 
it  was  impossible  to  disengage  them  except  in  strips  and 
fragments ! 

The  later  balloon  '*No.  VI."  with  which  Santos- 
Dmnont  won  the  Deutsch  prize  may  fairly  be  taken 
as  his  conception  of  the  finished  type  of  dirigible  for 
one  man.  In  fact  his  aspirations  never  soared  as  high 
as  those  of  Cotmt  Zeppelin,  and  the  largest  airship  he 
ever  planned — called  ''the  Omnibus'' — carried  only  four 
men.  It  is  probable  that  the  diversion  of  his  interest 
from  dirigibles  to  airplanes  had  most  to  do  with  his 
failure  to  carry  his  development  further  than  he  did. 
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"No.  VI.**  was  108  feet  long,  and  20  feet  in  diameter 
with  an  eighteen-horse-power  gasoline  engine  which 
could  drive  it  at  about  nineteen  miles  an  hour.  Natu- 
rally the  aeronaut's  first  thought  in  his  new  construc- 
tion was  of  the  valves.  The  memory  of  the  anxious 
minutes  spent  perched  on  the  window-sill  of  the  Troca- 
dero  Hotel  or  dangling  like  a  spider  at  the  end  of  the 
firemen's  rope  were  still  fresh.  The  ballonet  which 
had  failed  him  in  "No.  V.**  was  perfected  in  its  suc- 
cessor. Notwithstanding  the  care  with  which  she  was 
constructed  the  prize-winner  turned  out  to  be  a  rather 
unlucky  ship.  On  her  trial  voyage  she  ran  into  a 
tree  and  was  damaged,  and  even  on  the  day  of  her 
greatest  conquest  she  behaved  badly.  The  test  was 
made  on  October  i,  1901.  The  aeronaut  had  rotmded 
the  Tower  finely  and  was  making  for  home  when  the 
motor  began  to  miss  and  threatened  to  stop  altogether. 
While  Santos-Dumont  was  tinkering  with  the  engine, 
leaving  the  steering  wheel  to  itself,  the  balloon  drifted 
over  the  Bois  de  Boulogne.  As  usual  the  cool  air  from 
the  wood  caused  the  hydrogen  in  the  balloon  to  con- 
tract and  the  craft  dropped  tmtil  it  appeared  the 
voyage  would  end  in  the  tree  tops.  Hastily  shifting 
his  weights  the  aeronaut  forced  the  prow  of  the  ship 
upwards  to  a  sharp  angle  with  the  earth.  Just  at  this 
moment  the  reluctant  engine  started  up  again  with 
such  vigour  that  for  a  moment  the  ship  threatened  to 
assume  a  perpendicular  position,  pointing  straight  up 
in  the  sky.  A  cry  went  up  from  the  spectators 
below  who  feared  a  dire  catastrophe  was  about  to  end 
a  voyage  which  promised  success.  But  with  incom- 
parable sang-froid  the  young  Brazilian  manipulated 
the  weights,  restored  the  ship  to  the  horizontal  again 
without  stopping  the  engines,  and  reached  the  finishing 
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stake  in  time  to  win  the  prize.  Soon  after  it  was 
awarded  him  the  Braziliaa  Government  prraraited  him 
with  another  snhRtantial  prize,  together  with  a.  gold 
medal  bearing  the  words:  Par  ceos  tmmca  d^antes  nam^ 
gados  C'Throog^  heavens  hitherto  unsailed"')* 

In  a  sense  the  reference  to  the  heavens  is  a.  trifle 
over-rhetoricaL  SantOG-^Dmnont  difTeied  from  all 
aviators  (or  pilots  of  airplanes)  and  most  navisptors 
of  dirigibles  in  always  advocating  the  strategj  of 
staying  near  the  gromid  In  his  flights  he  barely 
topped  the  roofs  of  the  houses,  and  in  his  wxxtmgs  he 
repeatedly  refers  to  the  sense  of  safety  that  came  to 
him  when  he  knew  he  was  close  to  the  tree  tops  of  a 
forest.  This  may  have  been  due  to  the  fact  that  in 
his  very  first  flight  in  a  dirigible  he  narrowly  escaped 
a  fatal  accident  dne  to  fljring  too  high.  As  he  descended^ 
the  gas  which  had  expanded  now  contracted  The 
balloon  b^an  to  collapse  in  the  middle.  Cords  sub- 
jected to  imnsual  stress  began  to  snap.  The  air  ptimp, 
which  should  have  ptmiped  the  ballonet  full  of  air  to 
keep  the  balloon  rigid  failed  to  work.  Seeing  that  he 
was  about  to  fall  into  a  field  in  which  his  drag  rope 
was  already  trailing  the  imperilled  airman  had  a 
happy  thought.  Some  boys  were  there  flying  kites. 
He  shouted  to  them  to  seize  his  rope  and  run  against 
the  wind.  The  balloon  responded  to  the  new  force 
like  a  kite.  The  rapidity  of  its  fall  was  checked,  and 
its  pUot  landed  with  only  a  serious  shaking. 

But  thereafter  Santos- Dumont  preached  the  maxim 
— rare  among  airmen — ' '  Keep  near  the  ground.  That 
way  lies  safety!"  Most  aviators  however,  prefer  the 
heights  of  the  atmosphere,  as  the  sailor  prefers  the  wide 
and  open  sea  to  a  course  near  land. 

After  winning  the  Deutsch  prize,  Santos-Dtunont  con- 
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tinued  for  a  time  to  amuse  himself  with  dirigibles.  I  say 
"amuse"  purposely,  for  never  did  serious  aeronaut  get  so 
much  fun  out  of  a  rather  perilous  pastime  as  he.  In 
his  "No.  IX."  he  built  the  smallest  dirigible  ever  known. 
The  balloon  had  just  power  enough  to  raise  her  pilot 
and  sixty-six  pounds  more  beside  a  three-horse-power 
motor.  But  she  attained  a  speed  of  twelve  miles  an 
hour,  was  readily  handled,  and  it  was  her  owner's 
dearest  delight  to  use  her  for  a  taxicab,  calling  for 
lunch  at  the  caf6s  in  the  Bois,  and  paying  visits  to 
friends  upon  whom  he  looked  in,  literally,  at  their 
second-story  windows.  He  ran  her  in  and  out  of  her 
hangar  as  one  would  a  motor-car  from  its  garage.  One 
day  he  sailed  down  the  Avenue  des  Champs  £lys6es 
at  the  level  of  the  second-  and  third-story  windows  of 
the  palaces  that  line  that  stately  street.  Coming 
to  his  own  house  he  descended,  made  fast,  and  went 
in  to  dSjeuner,  leaving  his  aerial  cab  without.  In  the 
city  streets  he  steered  mainly  by  aid  of  a  guide  rope 
trailing  behind  him.  With  this  he  turned  sharp  cor- 
ners, went  rotmd  the  Arc  de  Triomphe,  and  said: 
"I  might  have  guide-roped  imder  it  had  I  thought 
myself  worthy."  On  occasion  he  picked  up  children 
in  the  streets  and  gave  them  a  ride. 

Though  before  losing  his  interest  in  dirigibles  Santos- 
Dumont  carried  the  niunber  of  his  construction  up  to 
ten,  he  cannot  be  said  to  have  devised  any  new  and 
useful  improvements  after  his  "No.  VI."  The  largest 
of  his  ships  was  "No.  X.,"  which  had  a  capacity  of  eighty 
thousand  cubic  feet — about  ten  times  the  size  of  the 
little  runabout  with  which  he  played  pranks  in  Paris 
streets.  In  this  balloon  he  placed  partitions  to  prevent 
the  gas  shifting  to  one  part  of  the  envelope,  and  to 
guard  against  losing  it  all  in  the  event  of  a  tear.    The 
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same  principle  was  fundamental  in  Count  ZeppeHn's 
airships.  In  1904  he  brought  a  dirigible  to  the  United 
States  expecting  to  compete  for  a  prize  at  the  St.  Louis 
Exposition.  But  while  suffering  exasperating  deJay 
from  the  red-tape  which  enveloped  the  exposition 
authorities,  he  discovered  one  morning  that  his  craft 
had  been  mutilated  almost  beyond  repair  in  its  storage 
place.  In  high  dudgeon  he  left  at  once  for  Paris.  The 
explanation  of  the  malicious  act  has  never  been  made 
clear,  though  many  Americans  had  an  tmeasy  feeling 
that  the  gallant  and  sportsman-like  Brazilian  had  been 
badly  treated  in  our  land.  On  his  return  to  Paris  he 
at  once  b^;an  experimenting  with  heavier-than-air 
machines.  Of  his  woric  with  them  we  shall  give  some 
account  later. 

Despite  his  great  personal  popularity  the  airship 
built  by  Santos-Dumont  never  appealed  to  the  French 
military  authorities.  Probably  this  was  largely  due 
to  the  fact  that  he  never  built  one  of  a  su£5cient  size 
to  meet  military  tests.  The  amateur  in  him  was  im- 
conquerable.  While  von  Zeppelin's  first  ship  was  big 
enough  to  take  the  air  in  actual  war  the  Frenchman 
went  on  building  craft  for  one  or  two  men — good 
models  for  others  to  seize  and  build  upon,  but  nothing 
which  a  war  office  could  actually  adopt.  But  he  served 
his  country  well  by  stimulating  the  creation  of  great 
companies  who  built  largely  upon  the  fotmdations  he 
had  laid. 

First  and  greatest  of  these  was  the  company  formed 
by  the  Lebaudy  Brothers,  wealthy  sugar  manufacturers. 
Their  model  was  semi-rigid,  that  is,  provided  with  an 
inflexible  keel  or  floor  to  the  gas  bag,  which  was  cigar 
shaped.  The  most  successful  of  the  earlier  ships  was 
190  feet  long,  with  a  car  suspended  by  cables  ten  feet 
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below  the  balloon  and  carrying  the  twin  motors,  to- 
gether with  passengers  and  supplies.  Although  it 
made  many  voyages  without  accident,  it  finally  en- 
countered what  seems  to  be  the  chief  peril  of  dirigible 
balloons,  being  torn  from  its  moorings  at  Chdions  and 
dashed  against  trees  to  the  complete  demolition  of  its 
envelope.  Repaired  in  eleven  weeks  she  was  taken 
over  by  the  French  Department  of  War,  and  was  in 
active  service  at  the  beginning  of  the  war.  Her  two 
successors  on  the  company's  building  ways  were  less 
fortunate.  La  Patrie,  after  many  successful  trips,  and 
manoeuvres  with  the  troops,  was  insecurely  moored  at 
Verdun,  the  famous  fortress  where  she  was  to  have 
been  permanently  stationed.  Came  up  a  heavy  gale. 
Her  anchors  began  to  drag.  The  bugles  sounded  and 
the  soldiers  by  hundreds  rushed  from  the  fort  to  aid. 
Hurled  along  by  the  wind  she  dragged  the  soldiers 
after  her.  Fearing  disaster  to  the  men  the  commandant 
reluctantly  ordered  them  to  let  go.  The  ship  leaped 
into  the  black  upper  air  and  disappeared.  All  across 
France,  across  that  very  country  where  in  1916  the 
trenches  cut  their  ugly  zigzags  from  the  Channel  to 
the  Vosges,  she  drifted  unseen.  By  morning  she  was 
flying  over  England  and  Wales.  Ireland  caught  a 
glimpse  of  her  and  days  thereafter  sailors  coming  into 
port  told  of  a  curious  yellow  mass,  seemingly  flabby 
and  disintegrating  like  the  carcass  of  a  whale,  floating 
far  out  at  sea. 

Her  partner  ship  La  Republique  had  a  like  tragic 
end.  She  too  made  many  successful  trips,  and  proved 
her  stability  and  worth.  But  one  day  while  manoeu- 
vring near  Paris  one  of  her  propellers  broke  and  tore 
a  great  rent  in  her  envelope.  As  the  Titanic,  her  hull 
ripped  open  by  an  iceberg,  sunk  with  more  than  a 
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been  his.  Unhappily  he  encountered  only  ill  luck. 
One  season  he  spent  at  Dane's  Island,  near  Spitzen- 
berg  whence  Andr6e  had  set  sail,  waiting  vainly  for 
favourable  weather  conditions.  The  following  summer, 
just  as  he  was  about  to  start,  a  fierce  storm  de- 
stroyed his  balloon  shed  and  injured  the  balloon.  Be- 
fore necessary  repairs  could  be  accomplished  Admiral 
Peary  discovered  the  Pole  and  the  purpose  of  the  expe- 
dition was  at  an  end.  Wellman,  however,  had  become 
deeply  interested  in  aeronautics  and,  balked  in  one 
ambition,  set  out  to  accomplish  another.  With  the 
same  balloon  somewhat  remodelled  he  tried  to  cross 
the  Atlantic,  setting  sail  from  Atlantic  City,  N.  J., 
October  16,  191 1.  But  the  device  on  which  the  aero- 
naut most  prided  himself  proved  his  tmdoing.  The 
equilibrator,  reUed  upon  both  for  storage  room  and  as 
a  regulator  of  the  altitude  of  the  ship,  proved  a  fatal 
attachment.  In  even  moderate  weather  it  btunped 
over  the  waves  and  racked  the  structure  of  the  balloon 
with  its  savage  tugging  tmtil  the  machinery  broke 
down  and  the  adventurers  were  at  the  mercy  of  the 
elements.  Luckily  for  them  after  they  had  been 
adrift  for  seventy-two  hours,  and  travelled  several 
hundred  miles  they  were  rescued  by  the  British  steamer 
Trent.  Not  long  after  Wellman's  chief  engineer  Van- 
niman  sought  to  cross  the  Atlantic  in  a  similar  craft 
but  from  some  unexplained  cause  she  blew  up  in  mid- 
air and  all  aboard  were  lost. 

Neither  Great  Britain  nor  the  United  States  has 
reason  to  be  proud  of  the  attitude  of  its  government 
towards  the  inventors  who  were  struggling  to  subdue 
the  air  to  the  uses  of  man.  Nor  has  either  reason  to 
boast  much  of  its  action  in  utterly  ignoring  up  to  the 
very  day  war  broke  that  aid  to  military  service  of  which 
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CHAPTER  IV 


THE  COUNT  VON  ZEPPELIN 


The  year  that  witnessed  the  first  tritimphs  of  Santos- 
Dumont  saw  also  the  beginning  of  the  success  of  his 
great  German  rival,  the  Cotint  von  Zeppelin.  These 
two  daring  spirits,  struggling  to  attain  the  same  end, 
were  alike  in  their  enthusiasm,  their  pertinacity,  and 
their  devotion  to  the  same  cause.  Both  were  animated 
by  the  highest  patriotism.  Santos-Diunont  oflEered  his 
fleet  to  France  to  be  used  against  any  nation  except 
those  of  the  two  Americas.  He  said:  "It  is  in  France 
that  I  have  met. with  all  my  encoiu^gement ;  in  France 
and  with  French  material  I  have  made  all  my  experi- 
ments. I  excepted  the  two  Americas  because  I  am 
an  American." 

Count  Zeppelin  for  his  part,  when  bowed  down  in 
apparent  defeat  and  crushed  beneath  the  burden  of 
virtual  bankruptcy,  steadily  refused  to  deal  with  agents 
of  other  nations  than  Germany — ^which  at  that  time 
was  turning  upon  him  the  cold  shoulder.  He  declared 
that  his  genius  had  been  exerted  for  his  own  cotmtry 
alone,  and  that  his  invention  should  be  kept  a  secret 
from  all  but  German  authorities.  A  secret  it  would 
be  to-day,  except  that  accident  and  the  forttmes  of 
war  revealed  the  intricacies  of  the  Zeppelin  construction 
to  both  Prance  and  England. 
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The  Count  von  Zeppelin  6i 

stout-hearted  inventor  designed  it,  there  is  still  hope 
that  it  may  tiltimately  prove  better  adapted  to  many 
ends  of  peace  than  the  airplanes  which  for  the  time 
seem  to  have  outdone  it. 

Stout-hearted  indeed  the  old  Luftgraaf — "Air  Scout*' 
— ^as  the  Germans  caU  him,  was.  His  was  a  Bismarck- 
ian  nature,  reminiscent  of  the  Iron  Chancellor  alike 
physically  and  mentally.  In  appearance  he  recalls 
irresistibly  the  heroic  figure  of  Bismarck,  jack-booted 
and  cuirassed  at  the  Congress  of  Vienna,  painted  by 
von  Werner.  Heir  to  an  old  land-owning  family, 
ennobled  and  entitled  to  bear  the  title  Landgraf^  Cotmt 
von  Zeppelin  was  a  type  of  the  German  aristocrat. 
But  for  his  title  and  aristocratic  rank  he  could  never 
have  won  his  long  fight  for  recognition  by  the  bureau- 
crats who  control  the  German  army.  In  youth  he 
was  anti- Prussian  in  sentiment,  and  indeed  some  of 
his  most  interesting  army  experiences  were  in  service 
with  the  army  of  South  Germany  against  Prussia 
and  her  allied  states.  But  all  that  was  forgotten  in 
the  national  tmity  that  followed  the  defeat  of  France 
in  1872. 

Before  that,  however,  the  young  cotmt — he  was  bom 
in  1838 — ^had  served  with  gallantry,  if  not  distinction, 
in  the  Union  Army  in  our  Civil  War,  had  made  a  bal- 
loon ascension  on  the  fighting  line,  had  swirni  in  the 
Niagara  River  below  the  falls,  being  rescued  with 
diflSculty,  and  together  with  two  Russian  oflBcers  and 
some  Indian  guides  had  almost  starved  in  trying  to 
discover  the  source  of  the  Mississippi  River — a  spot 
which  can  now  be  visited  without  tmdergoing  more  seri- 
ous hardships  than  the  upper  berth  in  a  Pullman  car. 

It  was  at  the  siege  of  Paris  that  Zeppelin's  mind 
first  became  engaged  with  the  problem  of  atrial  naviga- 
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man  was  attaining  with  the  non-rigid  balloon.  But 
it  was  a  fact  that  all  the  serioxis  accidents  which  befell 
Santos-Dumont  and  most  of  the  threatened  accidents 
which  he  narrowly  escaped  were  ftmdamentally 
catised  by  the  lack  of  rigidity  in  his  balloon.  The 
inmiediate  cause  may  have  been  a  leaky  valve  permit- 
ting the  gas  to  escape,  or  a  faulty  air-ptunp  which  made 
prompt  filling  of  the  ballonet  impossible.  But  the 
effect  of  these  flaws  was  to  deprive  the  balloon  of  its 
rigidity,  cause  it  to  buckle,  throwing  the  cordage  out 
of  gear,  shifting  stresses  and  strains,  and  resulting  in 
ultimate  breakdown. 

Whether  he  observed  the  vicissitudes  of  his  rival  or 
not,  Cotmt  Zeppelin  determined  that  the  advantages 
of  a  rigid  frame  counted  for  more  than  the  disadvant- 
age of  its  weight.  Moreover  that  disadvantage  could 
be  compensated  for  by  increasing  the  size,  and  there- 
fore the  lifting  power  of  the  balloon.  In  determining 
upon  a  rigid  frame  the  Coxmt  was  not  a  pioneer  even 
in  his  own  country.  While  his  experiments  were  still 
xmder  way,  a  rival,  David  Schwartz,  who  had  be- 
gun, without  completing,  an  airship  in  St.  Petersburg, 
secured  in  some  way  aid  from  the  German  Government, 
which  was  at  the  moment  coldly  repulsing  Zeppelin. 
He  planned  and  built  an  aluminum  airship  but  died 
before  its  completion.  His  widow  continued  the  work 
amidst  constant  opposition  from  the  builders.  The 
end  was  one  of  the  many  tragedies  of  invention.  No- 
body but  the  widow  ever  believed  the  ship  would  rise 
from  its  moorings.  It  was  in  charge  of  a  man  who 
had  never  made  an  ascent.  To  his  amazement  and 
to  the  amazement  of  the  spectators  the  engine  was 
hardly  started  when  the  ship  mounted  and  made  head- 
way against  a  stiff  breeze.    On  the  grotmd  the  specta- 
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tors  shouted  in  wonder;  the  widow,  overwhehned  by 
this  reward  for  her  faith  in  her  husband's  genius,  burst 
into  tears  of  joy.  But  the  amateur  pilot  was  no  match 
for  the  situation.  Affrighted  to  find  himself  in  mid-air, 
too  dazed  to  know  what  to  do,  he  pulled  the  wrong 
levers  and  the  machine  crashed  to  earth.  The  pilot 
escaped,  but  the  airship  which  had  taken  four  years 
to  build  was  irretrievably  wrecked.  The  widow's 
hopes  were  blasted,  and  the  way  was  left  free  for  the 
Count  von  Zeppelin. 

Freed,  though  tmwillingly,  from  the  routine  duties 
of  his  military  rank,  Zeppelin  thereafter  devoted  him- 
self wholly  to  his  airships.  He  was  fifty-three  years 
old,  adding  one  more  to  the  long  list  of  men  who  found 
their  real  life's  work  after  middle  age.  With  him  was 
associated  his  brother  Eberhard,  the  two  forming  a 
partnership  in  aeronautical  work  as  inseparable  as  that 
of  Wilbur  and  Orville  Wright.  Like  Wilbiu"  Wright, 
Eberhard  von  Zeppelin  did  not  live  to  witness  the 
fullest  fruition  of  the  work,  though  he  did  see  the  sound- 
ness of  its  principles  thoroughly  established  and  in 
practical  application.  There  is  a  picturesque  story 
that  when  Eberhard  lay  on  his  death-bed  his  brother, 
instead  of  watching  by  his  side,  took  the  then  com- 
pleted airship  from  its  hangar,  and  drove  it  over  and 
around  the  house  that  the  last  sounds  to  reach  the  ears 
of  his  faithful  ally  might  be  the  roar  of  the  propellers 
in  the  air — the  grand  paean  of  victory. 

Though  Count  von  Zeppelin  had  begun  his  experi- 
ments in  1873  it  was  not  until  1890  that  he  actually 
began  the  construction  of  his  first  airship.  The  inter- 
vening years  had  been  spent  in  constructing  and  testing 
models,  in  abstruse  calculations  of  the  resistance  of  the 
air,  the  lifting  power  of  hydrogen,  the  comparative 
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rigidity  and  weight  of  different  woods  and  various 
metals,  the  power  and  weight  of  the  different  makes 
of  motors.  In  these  studies  he  spent  both  his  time 
and  his  money  lavishly,  with  the  result  that  when  he 
had  built  a  model  on  the  lines  of  which  he  was  willing 
to  risk  the  construction  of  an  airship  of  operative  size, 
his  private  fortune  was  gone.  It  is  the  common  lot 
of  inventors.  For  a  time  the  Count  suffered  all  the 
mortification  and  ignominy  which  the  beggar,  even  in 
a  most  worthy  cause,  must  always  experience.  Hat  in 
hand  he  approached  every  possible  patron  with  his 
story  of  certain  success  if  only  supplied  with  funds 
with  which  to  complete  his  ship.  A  stock  company 
with  a  capital  of  $225,000  of  which  he  contributed  one 
half,  soon  found  its  resources  exhausted  and  retired 
from  the  speculation.  Appeals  to  the  Emperor  met 
with  only  cold  indifference.  An  American  millionaire 
newspaper  owner,  resident  in  Europe,  sent  contemptu- 
ous word  by  his  secretary  that  he  "had  no  time  to 
bother  with  crazy  inventors."  That  was  indeed  the 
attitude  of  the  business  classes  at  the  moment  when 
the  inventors  of  dirigibles  were  on  the  very  point  of 
conquering  the  obstacles  in  the  way  of  making  the 
navigation  of  air  a  practical  art.  A  governmental 
commission  at  Berlin  rejected  with  contempt  the  plans 
which  Zeppelin  presented  in  his  appeal  for  support. 
Members  of  that  commission  were  forced  to  an  about- 
face  later  and  became  some  of  the  inventor's  sturdiest 
champions.  But  in  his  darkest  hour  the  government 
failed  him,  and  the  one  friendly  hand  stretched  out 
in  aid  was  that  of  the  German  Engineers'  Society 
which,  somewhat  doubtfully,  advanced  some  funds 
to  keep  the  work  in  operation. 
With  this  the  construction  of  the  first  2ieppelin  craft 
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was  begun.  Though  there  had  been  built  up  to  the 
opening  of  the  war  twenty-five  "  2^eps  '* — nobody  knows 
how  many  since — the  fundamental  type  was  not  mate- 
rially altered  in  the  later  ones,  and  a  description  of  the 
first  will  stand  for  all.  In  connection  with  this  de- 
scription may  be  noted  the  criticisms  of  experts  some 
of  which  proved  only  too  well  f otmded. 

The  first  Zeppelin  was  polygonal,  450  feet  long.  78 
broad,  and  66  feet  high.  This  colossal  bulk,  equivalent 
to  that  of  a  7500-ton  ship  necessary  to  supply  lifting 
power  for  the  metallic  frame,  naturally  made  her 
tmwieldy  to  handle,  imsafe  to  leave  at  rest,  outside  of 
a  sheltering  shed,  and  a  particularly  attractive  target 
for  artillery  in  time  of  war.  Actual  action  indeed 
proved  that  to  be  safe  from  the  shells  of  anti-aircraft 
gtms,  the  Zeppelins  were  forced  to  fly  so  high  that  their 
own  b<5mbs  could  not  be  dropped  with  any  degree  of 
accuracy  upon  a  desired  target. 

The  balloon's  frame  is  made  of  aluminum,  the  light- 
est of  metals,  but  not  the  least  costly.  A  curious  dis- 
advantage of  this  construction  was  made  apparent  in 
the  accident  which  destroyed  Zeppelin  IV.  That  was 
the  first  of  the  airships  to  be  equipped  with  a  full  wire- 
less outfit  which  was  used  freely  on  its  flight.  It  ap- 
peared that  the  aluminum  frame  absorbed  much  of  the 
electricity  generated  for  the  purpose  of  the  wireless. 
The  effect  of  this  was  two-fold.  It  limited  the  radius 
of  operation  of  the  wireless  to  150  miles  or  less,  and 
it  made  the  metal  frame  a  perilous  storehouse  of  elec- 
tricity. When  Zeppelin  IV.  met  with  a  disaster  by  a 
storm  which  dragged  it  from  its  moorings,  the  stored 
electricity  in  her  frame  was  suddenly  released  by  con- 
tact with  the  trees  and  set  fire  to  the  envelope,  utterly 
destroying  the  ship. 
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The  balloon  frame  was  divided  into  seventeen  com- 
partments, each  of  which  held  a  ballonet  filled  with 
hydrogen  gas.  The  purpose  of  this  was  similar  to  the 
practice  of  dividing  a  ship's  hulls  into  compartments. 
If  one  or  more  of  the  ballonets,  for  any  reason,  were 
injured  the  remainder  would  keep  the  ship  afloat.  The 
space  between  the  ballonets  and  the  outer  skin  was 
ptunped  full  of  air  to  keep  the  latter  taut  and  rigid. 
Moreover  it  helped  to  prevent  the  radiation  of  heat  to 
the  gas  bags  from  the  outer  envelope  whose  huge  ex- 
panse, presented  to  the  sun,  absorbed  an  immense 
amount  of  heat  rays. 

Two  cars  were  suspended  from  the  frame  of  the  Zep- 
pelin, forward  and  aft,  and  a  corridor  connected  them. 
A  sliding  weight  was  employed  to  raise  or  depress  the 
bow.  In  each  car  of  the  first  Zeppelin  was  a  sixteen- 
horse-power  gasoline  motor,  each  working  two  screws, 
with  four  foot  blades,  revolving  one  thousand  times 
a  minute.  The  engines  were  reversible,  thus  making 
it  possible  to  work  the  propellers  against  each  other 
and  aid  materially  in  steering  the  ship.  Rudders  at 
bow  and  stem  completed  the  navigating  equipment. 

In  the  first  Zeppelins,  the  corridor  connecting  the 
two  cars  was  wholly  outside  the  frame  and  envelope 
of  the  car.  Later  the  perilous  experiment  was  tried  of 
putting  it  within  the  envelope.  This  resulted  in  one 
of  the  most  shocking  of  the  many  Zeppelin  disasters. 
In  the  case  of  the  ship  L-//.,  built  in  1912,  the  corridor 
became  filled  with  gas  that  had  oozed  out  of  the  bal- 
lonets. At  one  end  or  the  other  of  the  corridor  this 
gas,  then  mixed  with  air,  came  in  contact  with  fire, — 
perhaps  the  exhaust  of  the  engines, — a  violent  explosion 
followed  while  the  ship  was  some  nine  htmdred  feet 
alofti  and  the  mass  of  twisted  and  broken  metal,  with 
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the  flaming  envelope,  fell  to  the  groimdcaxrying^ tweixty* 
eight  men,  incltiding  members  of  the  Admixahy  Boazd^ 
to  a  horrible  death* 

Bat  to  return  to  the  first  Zeppriin  Her  tnal  was 
set  for  July  2,  1900,  and  though  the  immediate 
vicinity  of  the  floating  haaigpr  was  barred  to  the 
public  by  the  military  authorities^  the  shores  and  sor^ 
face  of  the  lake  were  black  with  people  eagpr  to  wit- 
ness  the  test.  Boats  pulled  out  of  the  wide  portaL  the 
huge  cigar-shaped  structurev  floating  on  small  rafts^ 
its  polished  surface  of  pegamoid  glittering  in  the  son. 
As  large  as  a  fair-sized  ocean  steamship,  it  looked^  on 
that  little  lake  dotted  with  pleasure  craft,  like  a  leviae^ 
than.  Men  were  busy  in  the  cars,  fore  and  aft.  The 
mooring  ropes  were  cast  off  as  the  vessel  gained  an 
offing,  and  ballast  being  thrown  out  she  began  to  rise 
slowly.  The  proprilers  b^;an  to  whir,  and  the  great 
craft  swung  around  breasting  the  breeze  and  moved 
slowly  up  the  lake.  The  crowd  cheered.  Count  van 
Zeppelin,  tense  with  excitement,  alert  for  every  sign 
of  weakness  watched  his  monster  creation  with  mingled 
pride  and  apprehension.  Two  points  were  set  at  rest 
in  the  first  two  minutes — the  lifting  power  was  great 
enough  to  carry  the  heaviest  load  ever  imposed  upon 
a  balloon  and  the  motive  power  was  sufficient  to  propel 
her  against  an  ordinary  breeze.  But  she  was  hardly 
in  mid-air  when  defects  became  apparent.  The  appa- 
ratus for  controlling  the  balancing  weight  got  out  of 
order.  The  steering  lines  became  entangled  so  that 
the  ship  was  first  obliged  to  stop,  then  by  reverang 
the  engines  to  proceed  backwards.  This  was,  however, 
a  favourable  evidence  of  her  handiness  under  untoward 
circumstances.  After  she  had  been  in  the  air  neariy 
an  hour  and  had  covered  four  or  five  miles,  a  larrrftrrg 
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was  ordered  and  she  dropped  to  the  stirf ace  of  the  lake 
with  perfect  ease.  Before  reaching  her  shed,  however, 
she  collided  with  a  pile — an  accident  in  no  way  attri- 
butable to  her  design — and  seriously  bent  her  frame. 

The  story  told  thus  baldly  does  not  sound  like  a 
record  of  glorious  success.  Nevertheless  not  Count 
Zeppelin  alone  but  all  Germany  was  wild  with  jubila- 
tion. Zeppelin  I.  had  demonstrated  a  principle;  all 
that  remained  was  to  develop  and  apply  this  principle 
and  Germany  would  have  a  fleet  of  aerial  dreadnoughts 
that  would  force  any  hostile  nation  to  subjection. 
There  was  little  or  no  discussion  of  the  application 
of  the  principle  to  the  ends  of  peace.  It  was  as  an 
engine  of  war  alone  that  the  airship  appealed  to  the 
poptilar  fancy. 

But  at  the  time  that  fancy  proved  fickle.  With  a 
few  repairs  the  airship  was  brought  out  for  another 
test.  In  the  air  it  did  all  that  was  asked  for  it,  but  it 
came  to  earth — or  rather  to  the  surface  of  the  lake — 
with  a  shock  that  put  it  out  of  commission.  When 
Coxmt  Zeppelin's  company  estimated  the  cost  of  ftuther 
repairs  it  gave  a  sigh  and  abandoned  the  wreck.  There- 
upon the  pertinacious  inventor  laid  aside  his  tools,  got 
into  his  old  tmiform,  and  went  out  again  on  the  dreary 
task  of  begging  for  further  funds. 

It  was  two  years  before  he  could  take  up  again  the 
work  of  construction.  He  lectured,  wrote  magazine 
articles,  begged,  cajoled,  and  pleaded  for  money.  At 
last  he  made  an  impression  upon  the  Emperor  who, 
indeed,  with  a  keen  eye  for  all  that  makes  for  military 
advantage,  should  have  given  heed  to  his  efforts  long 
before.  Merely  a  letter  of  approval  from  the  all-^ 
powerful  Kaiser  was  needed  to  turn  the  scale  and  in 
1902  this  was  forthcoming.    The  factories  of  the  em- 
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pire  agreed  to  ftimish  materials  at  cost  price,  and 
sufficient  money  was  soon  forthcoming  to  build  a 
second  ship.  This  ship  took  more  than  two  y6ars  to 
build,  was  tested  in  January,  1906,  made  a  creditable 
flight,  and  was  dashed  to  pieces  by  a  gale  the  same 
night! 

The  wearisome  work  of  begging  began  again.  But 
this  time  the  Kaiser's  aid  was  even  more  eflfectively 
given  and  in  nine  months  Zeppelin  III.  was  in  the  air. 
More  powerful  than  its  predecessors  it  met  with  a 
greater  measure  of  success.  On  one  of  its  trials  a 
propeller  blade  flew  off  and  penetrated  the  envelope, 
but  the  ship  returned  to  earth  in  safety.  In  October, 
1906,  the  Minister  of  War  reported  that  the  airship 
was  extemely  stable,  responded  readily  to  her  helm, 
had  carried  eleven  persons  sixty-seven  miles  in  two 
hours  and  seventeen  minutes,  and  had  made  its  landing 
in  ease  and  safety.  Accepted  by  the  government 
"No.  III."  passed  into  military  service  and  Zeppelin, 
now  the  idol  of  the  German  people,  began  the  construc- 
tion of  **  No.  IV." 

That  ship  was  larger  than  her  predecessors  and  car- 
ried a  third  cabin  for  passengers  suspended  amidships. 
Marked  increase  in  the  size  of  the  steering  and  stabling 
planes  characterized  the  appearance  of  the  ship  when 
compared  with  earlier  types.  She  -was  at  the  outset 
a  lucky  ship.  She  cruised  through  Alpine  passes  into 
Switzerland,  and  made  a  circular  voyage  carrying 
eleven  passengers  and  flying  from  Friedrichshaven  to 
Mayence  and  back  via  Basle,  Strassburg,  Mannheim, 
and  Stuttgart.  The  voyage  occupied  twenty-one 
hours — a  world's  record.  The  performance  of  the  ship 
on  both  voyages  was  perfection.  Even  in  the  tort- 
uous Alpine  passes  which  she  was  forced  to  navigate 
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on  her  trip  to  Lucerne  she  moved  with  the  steadiness 
and  certainty  of  a  great  ship  at  sea.  The  rarification 
of  the  air  at  high  altitudes,  the  extreme  and  sudden 
variations  in  temperature,  the  gusts  of  wind  that 
poured  from  the  ice-boimd  peaks  down  through  the 
narrow  canyons  affected  her  not  at  all.  When  to  this 
experience  was  added  the  triumphant  tour  of  the  six 
German  cities,  Cotmt  von  Zeppelin  might  well  have 
thought  his  tritunph  was  complete. 

But  once  again  the  cup  of  victory  was  dashed  from 
his  lips.  After  his  landing  a  violent  wind  beat  upon 
the  ship.  An  army  of  men  strove  to  hold  her  fast, 
while  an  effort  was  made  to  reduce  her  bulk  by  defla- 
tion. That  effort,  which  would  have  been  entirely 
successful  in  the  case  of  a  non-rigid  balloon,  was  ob- 
viously futile  in  that  of  a  Zeppelin.  Not  the  gas  in 
the  ballonets,  but  the  great  rigid  frame  covered  with 
water-proofed  cloth  constituted  the  huge  bulk  that 
made  her  the  plaything  of  the  winds.  In  a  trice  she 
was  snatched  from  the  hands  of  her  crew  and  hurled 
against  the  trees  in  a  neighbouring  grove.  There  was 
a  sudden  and  utterly  unexpected  explosion  and  the 
whole  fabric  was  in  flames.  The  precise  cause  of  the 
explosion  will  always  be  in  doubt,  but,  as  already 
pointed  out,  many  scientists  believe  that  the  great 
volume  of  electricity  accumulated  in  the  metallic  frame 
was  suddenly  released  in  a  mighty  spark  which  set 
fire  to  the  stores  of  gasoline  on  board. 

With  this  disaster  the  iron  nerve  of  the  inventor 
was  for  the  first  time  broken.  It  followed  so  fast  upon 
what  appeared  to  be  a  complete  triumph  that  the  shock 
was  peculiarly  hard  to  bear.  It  is  said  that  he  broke 
down  and  wept,  and  that  but  for  the  loving  courage 
and  earnest  entreaties  of  his  wife  and  daughter  he  would 
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practice  of  showing  affection  for  a  public  man  by  driv- 
ing nails  into  his  wooden  effigy  had  not  then  been 
invented  by  the  poetic  Teutons,  else  von  Zeppelin  would 
have  outdone  von  Hindenburg  in  weight  of  metal. 

The  story  that  Zeppelin  had  refused  repeated  offers 
from  other  governments  was  widely  published  and 
evoked  patriotic  enthusiasm.  With  it  went  shrewd 
hints  that  in  these  powerful  aircraft  lay  the  way  to 
overcome  the  hated  English  navy,  and  even  to  carry 
war  to  the  very  soil  of  England.  It  was  then  eight 
years  before  the  greatest  war  of  history  was  to  break 
out,  but  even  at  that  date  hatred  of  England  was  being 
sedulously  cultivated  among  the  German  people  by 
those  in  authority. 

As  a  result  of  this  national  attitude  Cotmt  Zeppelin's 
enterprise  was  speedily  put  on  a  sotmd  financial  footing. 
Though  "No.  IV. "had  been  destroyed  by  an  accident  it 
had  been  the  purpose  of  the  government  to  buy  her,  and 
$125,000  of  the  purchase  price  was  now  put  at  the  dis- 
posal of  the  Count  von  Zeppelin.  A  popular  Zeppelin 
ftmd  of  $1,500,000  was  raised  and  expended  in  build- 
ing great  works.  Thenceforward  there  was  no  lack 
of  money  for  furthering  what  had  truly  become  a 
great  national  interest. 

But  the  progress  of  the  construction  of  Zeppelins 
for  the  next  few  years  was  curiously  compoimded  of 
success  and  failure.  Fate  seemed  to  have  decreed  to 
every  Zeppelin  triumph  a  disaster.  Each  mischance 
was  attributed  to  exceptional  conditions  which  never 
could  happen  again,  but  either  they  did  occur,  or  some 
new  but  equally  effective  accident  did.  Outside  of 
Germany,  where  the  public  mind  had  become  set  in 
an  almost  idolatrous  confidence  in  Zeppelin,  the  great 
airships  were  becoming  a  jest  and  a  byword  notwith- 
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stagflding:  ttosir  tprqiiestiofrgtf  accTmr[iKrfimBnta>  rmfaerf 
when  the  reconi  was  made  tip  ju^  befoze  the  desdmag- 
tiofi  of  war  in  Ii^i4  it  wa&  ftimid  timt  of  LwoiLy-fiwe 
Zeppelins  thus  fisr  consiniclBd  onljr  twelve  wss  sa^ml- 
able.  Thirteen  had  been  ctesdxayed  b]^  arnrifent? — 
i^wo  of  diem  miocSem  os^ts^  ai^dTtp^^  cmLy  oimpiieted:  in: 
£^5.  The  record  was  not  one  to  irmpinf  can&- 
dence. 

In  tgiDi^  c&xnng  a  voyagis  in:  whidt  he  maSe  rrfrn? 
hundJred  miles  in  thirty-ei^it  hams,  the  nmrnur  was 
^^restd  that  von  Zeppdin  wotdd  cnntinne  it  to  Bexfin. 
Some  joker  sent  a  forged  triffgnmr  to  the  Eaisertz} 
tSiat  effect  si^ied  "  Z^pefin/^  It  waa  expected  tu  be 
the  fln^t  appearance  o£  one  of  the  great  ^nps  at  the 
capital,  and  the  Emperor  haafimerf  to  prepare  a  suit- 
^ewelcome.  A  great  crowd  aaaenibled  at  the  Temple- 
hoff  Parade  Ground  The  Berirn  Airrfnp  BattaDim 
was  under  orders  to  assist  in  the  Tarrdmg.  The  Karser 
himi^f  was  ready  to  hasten  to  the  spot  shouM  the 
ship  be  sighted  But  ahe  never  appeared  If  von 
Zeppelin  knew  of  the  exploit  -vhidi  rumour  had  as- 
signed to  him — which  is  doubtful — he  could  not  have 
carried  it  out.  ffi<;  .^hip  collided  with,  a  tree — an 
accident  .singularly  fren-ent  in  the  Zeppelin  records — 
so  disabling  it  that  it  could  only  limp  home  under  half 
power.  A  rather  cur">  telegram  from  his  Imperial 
master  is  <;aid  to  have  been  Count  von  Zeppelin's 
first  intimation  that  he  had  broken  an  engagement. 

Howevf^,  he  kept  it  two  months  later,  flying  to  Ber- 
lin, a  distance  of  475  miles.  He  was  greeted  with  mad 
enthusiasm  and  among  the  crowd  to  welcome  him  was 
Orville  Wright  the  American  aviator.  It  is  a  curious 
cr>incideno^  that  on  the  day  the  writer  pens  these  words 
the  New  York  newspapers  contain  accounts  of  Mr. 
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Wright's  proffer  of  his  services,  and  aeronautical  fadli- 
tieSy  to  the  President  in  case  an  existing  diplomatic 
break  with  Germany  should  reach  the  point  of  actual 
war.  Mr.  Wright  accompanied  his  proffer  by  an  ap- 
peal for  a  tremendous  aviation  force,  '*but,"  said  he, 
"I  strongly  advise  against  spending  any  money  what- 
soever on  dirigible  balloons  of  any  sort." 

Thereafter  the  progress  of  Count  von  Zeppelin 
was  without  interruption  for  any  lack  of  financial 
strength.  His  great  works  at  Priedrichshaven  expanded 
until  they  were  capable  of  putting  out  a  complete  ship 
in  eight  weeks.  He  was  building,  of  course,  primarily 
for  war,  and  never  concealed  the  fact  that  the  enemy 
he  expected  to  be  the  target  of  his  bomb  throwers  was 
England.  What  the  airships  accomplished  in  this 
direction,  how  greatly  they  were  developed,  and  the 
strength  and  weakness  of  the  German  air  fleet,  will  be 
dwelt  upon  in  another  chapter. 

But,  though  building  primarily  for  military  purposes, 
Zeppelin  did  not  wholly  neglect  the  possibilities  of  his 
ship  for  non-military  service.  He  built  one  which 
made  more  than  thirty  trips  between  Munich  and 
Berlin,  canying  passengers  who  paid  a  heavy  fee  for 
the  privilege  of  enjo3ring  this  novel  form  of  travel. 
The  car  was  fitted  up  like  our  most  up-to-date  Pullmans, 
with  comfortable  seats,  bright  lights,  and  a  kitchen 
from  which  excellent  meals  were  served  to  the  passen- 
gers. The  service  was  not  continued  long  enough  to 
determine  whether  it  could  ever  be  made  commercially 
profitable,  but  as  an  aid  to  firing  the  Teutonic  heart 
and  an  assistance  in  selling  stock  it  was  well  worth 
while.  The  spectacle  of  one  of .  these  great  cars,  six 
hundred  or  more  feet  long,  floating  grandly  on  even 
keel  and  with  a  steady  course  above  one  of  the  com- 
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pact  little  towns  of  South  Genxiany,  was  one  to  thriff 
the  pulses. 

But  the  ill  luck  which  pursued  Count  voa  Zepp^n 
even  in  what  seemed  to  be  his  moments  of  assoxed 
success  was  remorseless.  In  1912  he  produced  the 
monster  L-/,  525  feet  long,  50  feet  in  diameter^  of 
776,900  cubic  feet  capacity,  and  equipped  with  three 
sets  of  motors,  giving  it  a  speed  of  fifty-two  miles  an. 
hour.  This  ship  was  designed  for  naval  use  and  after 
several  successful  cross-country  voyages  she  was  or- 
dered to  Heligoland,  to  participate  in  naval  manceavres 
with  the  fleet  there  stationed.  One  day,  caught  by  a 
sudden  gust  of  wind  such  as  are  common  enough  on 
the  North  Sea,  she  proved  utterly  helpless.  Why  no 
man  could  tell,  her  commander  being  drowned^  but 
in  the  face  of  the  gale  she  lost  ail  control^  was  bu&ted 
by  the  elements  at  their  will,  and  dropped  into  the  sea 
where  she  was  a  total  lass.  Fifteen  of  her  twenty-two 
officers  and  men  were  drowned.  The  accident  was  the 
more  inexplicable  because  the  craft  had  been  flying 
steadily  overland  for  nearly  •:welve  months  and  had 
covered  more  mile?;  than  any  ship  of  Zeppelin  construc- 
tion. It  'vas  reported  *hat  her  oaotain  had  said  she 
was  overloaded  ;ind  rhat  he  feared  that  she  would  be 
helple^^s  in  .1  ;^ale.  3ut  after  the  disaster  his  mouth 
was  «; topped  hy  the  -vaters  of  "he  Xorth  Sea. 

This  calamity  was  not  permitted  long  to  stand  alone. 
Indeed  one  of  :  he  most  curious  facts  about  the  Zeppelin 
record  is  the  reie^ular,  periodical  recurrence  of  fatal 
accidents  at  almost  equal  inten^ais  and  apparently 
wholly  jnaffected  hy  the  .;jrowing  perfection  <3f  the 
airships.  While  L-f  -vas  making  her  successful  cross- 
country* flights,  L-FT  'vas  reaching  completion  at  Fried- 
richshaven.      She  was   shorter  but   bulkier  than  her 
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immediate  predecessor  and  carried  engines  giving  her 
nine  hundred  horse  power,  or  four  hundred  more  than 
L~I.  On  its  first  official  trip  this  ship  exploded  a 
thousand  feet  in  air,  killing  twenty-eight  officers  and 
men  aboard,  including  all  the  officials  who  were  con- 
ducting the  trials.  The  calamity,  as  explained  on  an 
earlier  page,  was  due  to  the  accumulation  of  gas  in  the 
communicating  passage  between  the  three  cars. 

This  new  disaster  left  the  faith  and  loyalty  of  the 
German  people  unshaken.  But  it  did  decidedly  es- 
trange the  scientific  worid  from  Count  von  Zeppelin  and 
all  his  works.  It  was  pointed  out,  with  truth,  that  the 
accident  paralleled  precisely  one  which  had  demol- 
ished the  Severo  Pax  airship  ten  years  earlier,  and  which 
had  caused  French  inventors  to  establish  a  hard  and 
fast  rule  against  incorporating  in  an  airship's  design 
any  inclosed  space  in  which  waste  gas  might  gather. 
This  rule  and  its  reason  were  known  to  Count  von 
Zeppelin  and  by  ignoring  both  he  lent  new  colour 
to  the  charge,  already  current  in  scientific  circles,  that 
he  was  loath  to  profit  by  the  experiences  of  other 
inventors. 

Whether  this  feeling  spread  to  tne  German  Govern- 
ment it  is  impossible  to  say.  Nor  it  is  easy  to  estimate 
how  much  official  confidence  was  shaken  by  it.  The 
government,  even  before  the  war,  was  singularly  reti- 
cent about  the  Zeppelins,  their  numbers  and  plans. 
It  is  certain  that  orders  were  not  withheld  from  the 
Count.  Great  numbers  of  his  machines  were  built, 
especially  after  the  war  was  entered  upon.  But  he 
was  not  permitted  longer  to  have  a  monopoly  of 
government  aid  for  manufacturers  of  dirigibles.  Other 
types  sprung  up,  notably  the  Schutte-Lanz,  the  Gross, 
and  the  Parseval.     But  being  first  in  the  field  the  Zep- 
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pelin  came  to  give  its  name  to  all  tiie  dirTgihffa  of 
German  make  and  many  of  tfaefamoua— or  m£EBnona — 
exploits  credited  to  it  daring  the  war  may  in  iauA  ha;ve 
been  performed  by  one  of  its  rivals. 

It  would  be  fertile  to  attempt  to  eomnerate  aH  thpsp 
rivals  here.  Among  them  are  the  semMigid  Faraeval 
and  Gross  types  ^rixich  fomxd  great  favomr  among  the 
military  authorities  during  the  war.  The  lattaer  is 
merely  an  adaptation  of  the  highly  succes^ol  French 
ship  the  Lebaiidy,  but  the  Parseval  is  the  result  of  a 
slow  evolution  from  an  ordinary  halTnnn,  It  is  wholly 
German,  in  conception  and  development,  and  it  is 
reported  that  the  Kaiser,  secretly  di^usted  that  the 
Zeppelins,  to  the  advancement  of  which  he  had  givoi 
such  powerful  aid,  should  have  recorded  so  many  (fis* 
asters,  quietly  transferred  his  interest  to  the  new  and 
simpler  modeL  Despite  the  hope  of  a  more  WTin'ent 
craft,  however,  both  the  Gross  and  the  Parseval 
failed  in  their  first  offirraT  trials,  though  later  they  made 
good- 

The  latter  ship  was  absolutely  without  any  wooden 
or  metallic  structure  to  give  her  rigidity.  Two  air 
ballonets  were  contained  in  the  envelope  at  bow  and 
stem  and  the  ascent  and  descent  of  the  ship  was  regu- 
lated by  the  quantity  of  air  pumped  into  these.  A  most 
curious  device  was  the  utilization  of  heavy  cloth  for  the 
propeller  blades.  Limp  and  flaccid  when  at  rest,  heavy 
weights  in  the  hem  of  the  cloth  caused  these  blades 
to  stand  out  stiff  and  rigid  as  the  result  of  the  centri- 
fugal force  created  by  their  rapid  revolution.  One 
great  military  advantage  of  the  Parseval  was  that  she 
could  be  quickly  deflated  in  the  presence  of  danger  at 
her  moorings,  and  wholly  knocked  down  and  packed 
in  small  compass  for  shipment  by  rail  in  case  of  need. 
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To  neither  of  these  models  did  there  ever  come  such 
a  succession  of  disasters  as  befell  the  earlier  Zeppelins. 
It  is  fair  to  say  however  that  prior  to  the  war  not  many 
of  them  had  been  bmlt,  and  that  both  their  builders 
and  navigators  had  opportunity  to  leam  from  Count 
von  Zeppelin's  errors. 

Among  the  chief  German  rivals  to  the  Zeppelin  is 
the  Schutte-Lanz,  of  the  rigid  type,  broader  but  not 
so  long  as  the  Zeppelin,  framed  of  wood  bound  with 
wire  and  planned  to  carry  a  load  of  five  or  six  tons, 
or  as  many  as  thirty  passengers.  No.  I  of  this  type 
met  its  fate  as  did  so  many  Zeppelins  by  encountering 
a  storm  while  improperly  moored.  Called  to  earth 
to  replenish  its  supply  of  gas  it  was  moored  to  an 
anchor  sunk  six  feet  in  the  ground,  and  as  an  additional 
precaution  three  hundred  soldiers  were  called  from  a 
neighbouring  barracks  to  handle  it.  It  seems  to  have 
been  one  of  the  advantages  of  Germany  as  a  place  in 
which  to  manoeuvre  dirigibles,  that,  even  in  time  of 
peace,  there  were  always  several  hundred  soldiers 
available  wherever  a  ship  might  land.  But  this  force 
was  inadequate.  A  violent  gust  tore  the  ship  from 
their  hands.  One  poor  fellow  instinctively  clung  to 
his  rope  until  one  thousand  feet  in  the  air  when  he 
let  go.  The  ship  itself  hovered  over  the  town  for  an 
hour  or  more,  then  descended  and  was  dashed  to  pieces 
against  trees  and  stone  walls. 

The  danger  which  was  always  attached  to  the  land- 
ing of  airships  has  led  some  to  suggest  that  they  should 
never  be  brought  to  earth,  but  moored  in  mid-air  as 
large  ships  anchor  in  midstream.  It  is  suggested 
that  tall  towers  be  built  to  the  top  of  which  the  ship 
be  attached  by  a  cable,  so  arranged  that  she  will  always 
float  to  the  leeward  of  the  tower.     The  passengers 
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selves  prisoners.  The  international  law  was  clear 
enough.  The  ship  was  a  military  engine  of  the  Ger- 
man army.  Its  officers,  all  in  uniform,  had  delib- 
erately steered  her  into  the  very  heart  of  a  French 
fortress.  Though  the  countries  were  at  peace  the  act 
was  technically  one  of  war — an  armed  invasion  by  the 
enemy.  Diplomacy  of  course  settled  the  issue  peace- 
fully but  not  before  the  French  had  made  careful  draw- 
ings of  all  the  essential  features  of  the  ZeppeUn,  and 
taken  copies  of  its  log.  As  Germany  had  theretofore 
kept  a  rigid  secrecy  about  all  the  details  of  Zeppelin 
construction  and  operation  this  angered  the  military 
authorities  beyond  measure.  The  unlucky  officers 
who  had  shared  in  the  accident  were  savagely  told 
that  they  should  have  blown  the  ship  up  in  mid-air 
and  perished  with  it  rather  than  to  have  weakly  sub- 
mitted it  to  French  inspection.  They  suffered  court- 
martial  but  escaped  with  severe  reprimands. 

The  story  of  the  dirigibles  of  France  and  Germany 
is  practically  the  whole  story  of  the  development  to  a 
reasonable  degree  of  perfection  of  the  lighter-than-air 
machine.  Other  nations  experimented  somewhat,  but 
in  the  main  lagged  behind  these  pioneers.  Out  of 
Spain  indeed  came  a  most  efficient  craft — the  Astra- 
Torres,  of  which  the  British  Government  had  the 
best  example  prior  to  the  war,  while  both  France  and 
Russia  placed  large  orders  with  the  builders.  How 
many  finally  went  into  service  and  what  may  have 
been  their  record  are  facts  veiled  in  the  secrecy  of  war- 
time. Belgium  and  Italy  both  produced  dirigibles  of 
distinctive  character.  The  United  States  is  alone  at 
the  present  moment  in  having  contributed  nothing  to 
the  improvement  of  the  dirigible  balloon. 


CHAPTER  V 

THE  DEVELOPMENT  OF  THE  AIRPLANE 

The  story  of  the  development  of  the  heavier-than- 
air  machine — ^which  were  called  aeroplanes  at  first, 
but  have  been  given  the  simpler  name  of  airplanes — 
is  far  shorter  than  that  of  the  balloons.  It  is  really  a 
record  of  achievement  made  since  1903  when  the  plane 
built  by  Professor  Langley  of  the  Smithsonian  Institu- 
tion came  to  utter  disaster  on  the  Potomac.  In  1917, 
at  the  time  of  writing  this  book,  there  are  probably 
thirty  distinct  types  of  airplanes  being  manufactured 
for  commercial  and  military  use,  and  not  less  than 
fifty  thousand  are  being  used  daily  over  the  battle- 
fields of  Europe.  No  invention  save  possibly  the 
telephone  and  the  automobile  ever  attained  so  prodi- 
gious a  development  in  so  brief  a  time.  Wise  ob- 
servers hold  that  the  demand  for  these  machines  is  yet 
in  its  infancy,  and  that  when  the  end  of  the  war  shall 
lead  manufacturers  and  designers  to  turn  their  atten- 
tion to  the  commercial  value  of  the  airplane  the  flying 
craft  will  be  as  common  in  the  air  as  the  automobiles 
at  least  on  our  country  roads. 

The  idea  of  flying  like  a  bird  with  wings,  the  idea 

basicly  underlying  the  airplane  theory,  is  old  enough — 

almost  as  old  as  the  first  conception  of  the  balloon, 

before  hydrogen  gas  was  discovered.     In  an  earlier 
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chapter  some  account  is  given  of  early  experiments 
with  wings.  No  progress  was  made  along  this  line 
until  the  hallucination  that  man  could  make  any  head- 
way whatsoever  against  gravity  by  flapping  artificial 
wings  was  definitely  abandoned.  There  was  more 
promise  in  the  experiments  made  by  Sir  George  Cayley, 
and  he  was  followed  in  the  first  half  of  the  nineteenth 
century  by  half  a  dozen  British  experimenters  who 
were  convinced  that  a  series  of  planes,  presenting  a 
fixed  angle  to  the  breeze  and  driven  against  it  by  a 
sufficiently  powerful  motor,  would  develop  a  consider- 
able lifting  power.  This  was  demonstrated  by  Henson, 
in  1842,  Stringfellow,  in  1847.  Wenham,  who  arranged 
his  planes  like  slats  in  a  Venetian  blind  and  first  applied 
the  modem  term  "aeroplane"  to  his  invention,  and 
Sir  Hiram  Maxim,  who  built  in  1890  the  most  compli- 
cated and  impressive  looking  'plane  the  world  has  yet 
seen.  But  though  each  of  these  inventors  proved  the 
theorem  that  a  heavier-than-air  machine  could  be  made 
to  fly,  all  failed  to  get  practical  results  because  no 
motor  had  then  been  invented  which  combined  the 
necessary  lightness  with  the  generation  of  the  required 
power. 

In  America  we  like  to  think  of  the  brothers  Wright 
as  being  the  true  inventors  of  the  airplane.  And  indeed 
they  did  first  bring  it  to  the  point  of  usefulness,  and 
alone  among  the  many  pioneers  lived  to  see  the  adop- 
tion of  their  device  by  many  nations  for  serious  practi- 
cal use.  But  it  would  be  unjust  to  claim  for  them  entire 
priority  in  the  field  of  the  glider  and  the  heavier-than- 
air  machine.  Professor  Langley  preceded  them  with 
an  airplane  which,  dismissed  with  ridicule  as  a  failure 
in  his  day,  was  long  after  his  death  equipped  with  a 
lighter  motor  and  flown  by  Glenn  Curtis,  who  declared 
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that  the  ^»!ientist  had  solved  cbe  prablfm.  had  coily 
-.he  *ixptostve  engine  been  perfected  in.  his  time. 

Despite,  however,  the  eaiiy  period,  of  the  sncceasmL 
experiments  of  the  Wrights  and  PrDfesaor  Langlf^, 
it  ':voutd  '')e  unjust  for  Amer^a  to  azrog^xe  to  hfrwtf 
entire  priority  in  airplane  invention.     Ai^  story-  a£ 


'hat  .%rhii^'*»mftni  v'v.ch  leaves  mt  laienthal.  rfae 
^.»*man.  ind  ?'\rher.  'he  Znijiishman.  -.s  i  record  in 
vhirli  -^i*^  Titli  is  uibfiniinared.  'o  nat:onai  prtde. 

%*;.-■  ^-.lif^tliai  mrt  his  hmther  Z-ustav — 'he  two 
[ik.^  -he  "A"-!£;!if-i  v^i^  iiw.ays  asscezated  m  "iieir  avia- 
■.ir.n  v.r'<'  ^ari  -;(»ftn  'iradymij  xnij  :iie  prnbiem  ttt 
rliolit  -vhpn  :n  ..^.flo  "hey  x-intlv  ;7iir:iished  their  bouk 
H'.ri  F'.i.'iht  u  ■hf.  3/i.jt.T  )/■  :lte  F^yin-^  Art,  T'jeir  in- 
v»,^ti^a'i''.ns  -vrv^.  whr.ily  mtc  -Je  -rrtciem  ■:!  jight 
without  a  mot.">r,     Ar.  the  -.utset  thev  even  harked  back 
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to  the  long-abandoned  theory  that  man  could  raise 
himself  by  mere  muscular  effort,  and  Otto  spent  many 
hours  suspended  at  the  end  of  a  rope  flapping  franti- 
cally a  pair  of  wings  before  he  abandoned  this  effort 
as  futile.  Convinced  that  the  soaring  or  gliding  of 
the  birds  was  the  feat  to  emulate,  he  made  himself  a 
pair  of  fixed,  bat-like  wings  formed  of  a  light  fabric 
stretched  over  a  willow  frame.  A  tail  composed  of  one 
vertical  and  one  horizontal  plane  extended  to  the 
rear,  and  in  the  middle  the  aviator  hung  by  his  armpits, 
in  an  erect  position.  With  this  device  he  made  some  ex- 
perimental glides,  leaping  from  slight  eminences.  With 
his  body,  which  swung  at  will  from  its  cushioned  sup- 
ports, he  could  balance,  and  even  steer  the  fabric  which 
supported  him,  and  accomplished  long  glides  against 
the  wind.  Not  infrequently,  running  into  the  teeth 
of  the  breeze  down  a  gentle  slope  he  would  find  him- 
self gently  wafted  into  the  air  and  would  make  flights 
of  as  much  as  three  hundred  yards,  steering  to  either 
side,  or  rising  and  falling  at  will.  He  was  even  able 
to  make  a  circuitous  flight  and  return  to  his  starting 
place — a  feat  that  was  not  accomplished  with  a  motor- 
driven  airplane  until  years  later,  Lilienthal  achieved 
it  with  no  mechanical  aid,  except  the  wings.  He  became 
passionately  devoted  to  the  art,  made  more  than  two 
thousand  flights,  and  at  the  time  of  his  death  had  just 
completed  a  motor-driven  airplane,  which  he  was  never 
able  to  test.  His  earlier  gliding  wings  he  developed 
into  a  form  of  biplane,  with  which  he  made  several 
successful  flights,  but  met  his  death  in  1896  by  the  col- 
lapse of  this  machine,  of  the  bad  condition  of  which  he 
had  been  warned. 

Lilienthal  was  more  of  a  factor  in  the  conquest  of 
the  air  than  his  actual  accomplishments  would  imply. 
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His  persistent  experiments,  his  voluminotis  writings, 
and  above  all  his  friendly  and  intelligent  interest  in 
the  work  of  other  and  younger  men  won  him  a  host  of 
disciples  in  other  lands  who  took  up  the  work  that 
dropped  from  his  lifeless  hands. 

In  England  Percy  S.  Pilcher  emulated  the  T^ilienthal 
glides,  and  was  at  work  on  a  motor-propelled  machine 
when  he  was  killed  by  the  breakage  of  a  seemingly 
unimportant  part  of  his  machine.     He  was  on  the 


LILIENTHAL'9  gudbb 

edge  of  the  greater  success,  not  to  that  moment  at- 
tained by  anyone,  of  building  a  true  airplane  propelled 
by  motor.  Many  historians  think  that  to  Lilienthal 
and  Pilcher  is  justly  due  the  title  "  the  first  flying  men." 
But  Le  Bris,  a  French  sailor,  utterly  without  scientific 
or  technical  equipment,  as  far  back  as  1854  had  accom- 
plished a  wonderful  feat  in  that  line.  While  on  a 
cruise  he  had  watched  an  albatross  that  followed  his 
ship  day  after  day  apparently  without  rest  and  equally 
without  fatigue.  His  imagination  was  fired  by  the 
spectacle  and  probably  having  never  heard  of  the  pun- 
ishment that  befell  the  Ancient  Mariner,  he  shot  the 
albatross.  "I  took  the  wing,"  he  wrote  later,  "and 
exposed  it  to  the  breeze,  and  lo,  in  spite  of  me,  it  drew 
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forward  into  the  wind ;  notwithstanding  my  resistance 
it  tended  to  rise.  Thus  I  had  discovered  the  secret 
of  the  bird.-  I  comprehend  the  whole  mystery  of 
flight." 

A  trifle  too  sanguine  was  sailor  Le  Bris,  but  he  had 
just  the  qualities  of  imagination  and  confidence  essen- 
tial to  one  who  sets  forth  to  conquer  the  air.  Had  he 
possessed  the  accurate  mind,  the  patience,  and  the 
pertinacity  of  the  Wrights  he  might  have  beaten  them 
by  half  a  century.  As  it  was  he  accompUshed  a  re- 
markable feat,  though  it  ended  in  somewhat  laughable 
failure.  He  built  an  artificial  bird,  on  the  general 
plan  of  his  albatross.  The  wings  were  not  to  flap,  but 
their  angles  to  the  wind  were  controlled  by  a  system 
of  levers  controlled  by  Le  Bris,  who  stood  up  in  the 
basket  in  the  centre.  To  rise  he  required  something 
like  the  flying  start  which  the  airplanes  of  to-day,'get 
on  their  bicycle  wheels  before  leaving  the  ground.  As 
Le  Bris  had  no  motor  this  method  of  propulsion  was 
denied  him,  so  he  loaded  the  apparatus  in  a  cart, 
and  fastened  it  to  the  rail  by  a  rope  knotted  in  a  slip 
knot  which  a  jerk  from  him  would  release.  As  they 
started  men  walked  beside  the  cart  holding  the  wings, 
which  extended  for  twenty-five  feet  on  either  side. 
As  the  horses  speeded  up  these  assistants  released  their 
hold.  Feeling  the  car  try  to  rise  under  his  feet  Le 
Bris  cast  off  the  rope,  tilted  the  front  end  of  the  machine, 
and  to  his  joy  began  to  rise  steadily  into  the  air.  The 
spectators  below  cheered  madly,  but  a  note  of  alarm 
mingled  with  their  cheers,  and  the  untried  aviator 
noticed  a  strange  and  inexplicable  jerking  of  his 
machine.  Peering  down  he  discovered,  to  his  amaze, 
a  man  tacking  and  crying  aloud  in  deadly  fear.  It  was 
evident  that  the  rope  he  had  detached  from  the  cart 


88  Aircraft  and  Submarines 

had  caught  up  the  driver,  who  had  thus  become,  to  his 
intense  dismay,  a  partner  in  the  inventor's  tritunph. 
Indeed  it  is  most  possible  that  he  contributed  to  that 
triumph  for  the  ease  and  steadiness  with  which  the 
machine  rose  to  a  height  estimated  at  three  hundred 
feet  suggests  that  he  may  have  furnished  needed  bal- 
last— ^acted  in  fact  as  the  tail  to  the  kite.  Humanity 
naturally  impelled  Le  Bris  to  descend  at  once,  which 
he  did  skilfully  without  injuring  his  involuntary 
passenger,  and  only  slightly  breaking  one  of  the  wings. 

Had  Le  Bris  won  this  success  twenty  years  later  his 
fame  and  forttme  would  have  been  secure.  But  in 
1854  ^^^  ^^^  ^^  ^o^  ^P^  ^^^  aeronautics.  Le  Bris 
was  poor.  The  public  responded  but  grudgingly  to 
his  appeals  for  aid.  His  next  experiment  was  less 
successful — perhaps  for  lack  of  the  carter — and  he 
ultimately  disappeared  from  aviation  to  become  an 
excellent  soldier  of  Prance. 

Perhaps  had  they  not  met  with  early  and  violent 
deaths,  the  Lilienthals  and  Pilcher  might  have  car- 
ried their  experiments  in  the  art  of  gliding  into  the 
broader  domain  of  power  flight.  This  however  was 
left  to  the  two  Americans,  Orville  and  Wilbur  Wright, 
who  have  done  more  to  advance  the  art  of  navigating 
the  air  than  all  the  other  experimenters  whose  names 
we  have  used.  The  story  of  the  Wright  brothers  is 
one  of  boyhood  interest  gradually  developed  into  the 
passion  of  a  lifetime.  It  parallels  to  some  degree  the 
story  of  Santos- Dumont  who  insisting  as  a  child  that 
"man  flies"  finally  made  it  a  fact.  The  interest  of  the 
Wrights  was  first  stimulated  when,  in  1878,  their  father 
brought  home  a  small  toy,  called  a  ''helicopter, "  which 
when  tossed  in  the  air  rose  up  instead  of  falling.  Every 
child  had  them  at  that  time,  but  curiously  this  one  was 
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Eke  the  seed  which  fell  upon  fertile  soil.  The  boys 
went  mad,  as  boys  will,  on  the  subject  of  flying.  But 
tmlike  most  boys  they  nurtured  and  cultivated  the 
passion  and  it  stayed  with  them  to  manhood.  From 
helicopters  they  passed  to  kites,  and  from  kites  to 
^ders.  By  calling  they  were  makers  and  repairers 
of  bicycles,  but  their  spare  time  was  for  years  devoted 
to  solving  the  problem  of  flight.  In  time  it  became 
their  sole  occupation  and  by  it  they  won  a  fortune  and 
world-wide  fame.  Their  story  forms  a  remarkable 
testimony  to  the  part  of  imagination,  pertinacity,  and 
ooarage  in  winning  success.  After  years  of  tests  with 
models,  and  with  kites  controlled  from  the  ground,  the 
brothers  had  worked  out  a  type  of  glider  which  they 
believed,  in  a  wind  of  from  eighteen  to  twenty  miles 
an  hour,  would  lift  and  carry  a  man.  But  they  had  to 
find  a  testing  ground.  The  fields  near  their  home  in 
Ohio  were  too  level,  and  their  firm  unyielding  surface 
was  not  attractive  as  a  cushion  on  which  to  light  in  the 
event  of  disaster.  Moreover  the  people  round  about 
were  getting  inquisitive  about  these  grown  men  "fool- 
ing around"  with  kites  and  flying  toys.  To  the  last 
the  Wrights  were  noted  for  their  dislike  of  publicity, 
and  it  is  entirely  probable  that  the  sneering  criticisms 
of  their  '* level  headed"  and  ** practical"  neighbours 
had  a  good  deal  to  do  with  rooting  them  in  this  distaste. 
Low  steep  hills  down  the  sides  of  which  they  could 
run  and  at  the  proper  moment  throw  themselves  upon 
their  glider;  a  sandy  soil  which  would  at  least  lessen 
the  shock  of  a  tiunble;  and  a  vicinage  in  which  winds 
of  eighteen  miles  an  hour  or  more  is  the  normal  atmos- 
pheric state  were  the  conditions  they  sought.  These 
they  found  at  a  little  hamlet  called  Kitty-Hawk  on  the 
coast  of  North  Carolina.    There  for  uncounted  cen- 
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tttries  the  tossing  Atlantic  had  been  throwing  up  its 
snowy  sand  upon  the  shore,  and  the  steady  wind  had 
caught  it  up,  piled  it  in  windrows,  rolledit  up  into  tower- 
ing hills,  or  carried  it  over  into  the  dunes  winch  ex-» 
tended  far  inland.    It  was  a  lonely  spot,  and  there 


CHANUTE's   (iLIDER 


secure  from  observation  the  Wrights  pitched  their 
camp.  For  them  it  was  a  midsummer's  holiday. 
Not  at  first  did  they  decide  to  make  aviation  not  a 
sport  but  a  profession.  To  their  camp  came  visitors 
interested  in  the  same  study,  among  them  Chanute,  a 
well-known  experimenter,  and  some  of  his  associates. 
They  had  thought  to  give  hours  at  a  time  to  actual 
flight.  When  they  closed  their  first  season,  they  found 
that  all  their  time  spent  in  actual  flight  footed  up 
less  than  an  hour.  Lilienthal,  despite  all  he  accom- 
pUshed,  estimated  that  he,  up  to  a  short  time  before  his 
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death,  spent  only  about  five  hours  actually  in  the  air. 
In  that  early  day  of  experimentation  a  glide  covering 
one  hundred  feet,  and  consuming  eight  or  ten  seconds, 
was  counted  a  triumph. 

But  the  season  was  by  no  means  wasted.  Indeed 
such  was  the  estimate  that  the  Wrights  put  upon  it 
that  they  folded  their  tents  determined  that  when  they 
returned  the  year  following  it  would  be  as  professionals, 
not  amateurs.  They  were  confident  of  their  ability 
to  build  machines  that  would  fly,  though  up  to  that 
time  they  had  never  mounted  a  motor  on  their  aircraft. 

In  the  clear  hot  air  of  a  North  Carolina  midsummer 
the  Wrights  used  to  lie  on  their  backs  studying  through 
glasses  the  methods  of  flight  of  the  great  buzzards — 
filthy  scavenger  birds  which  none  the  less  soaring  high 
aloft  against  a  blue  sky  are  pictures  of  dignity  and  grace. 

Bald  eagles,  ospreys.  hawks,  and  buzzards  give  us  daily 
exhibitions  of  their  powers  (wrote  Wilbur  Wright].  The 
buzzards  were  the  most  numerous,  and  were  the  most 
persistent  soarers.  They  apparently  never  flapped  except 
when  it  was  absolutely  necessary,  while  the  eagles  and 
hawks  usually  soared  only  when  they  were  at  leisure.  Two 
methods  of  soaring  were  employed.  When  the  weather 
was  cold  and  damp  and  the  wind  strong  the  buzzards  would 
be  seen  soaring  back  and  forth  along  the  hills  or  at  the 
edge  of  a  clump  of  trees.  They  were  evidently  taking 
advantage  of  the  current  of  air  flowing  upward  over  these 
obstructions.  On  such  days  they  were  often  utterly  unable 
to  soar,  except  in  these  special  places.  But  on  warm  clear 
days  when  the  wind  was  light  they  would  be  seen  high 
in  the  air  soaring  in  great  circles.  Usually,  however,  it 
seemed  to  be  necessary  to  reach  a  height  of  several  hundred 
feet  by  flapping  before  this  style  of  soaring  became  pos- 
sible. Frequently  a  great  number  of  them  would  begin 
circling  in  one  spot,  rising  together  higher  and  higher  till 
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finally  they  would  disperse,  each  gliding  off  in  ^riiatever 
direction  it  wished  to  go.  At  such  times  other  buzzards 
only  a  short  distance  away  found  it  necessary  to  fiap  fre- 
quently in  order  to  maintain  themselves.  But  when  they 
reached  a  point  beneath  the  circling  flock  they  b^an  to  rise 
on  motionless  wings.  This  seemed  to  indicate  that  rising 
columns  of  air  do  not  exist  everywhere,  but  that  the  birds 
must  find  them.  They  evidently  watch  each  other  and 
when  one  finds  a  rising  current  the  others  quickly  make 
their  way  to  it.  One  day  when  scarce  a  breath  of  wind 
was  stirring  on  the  ground  we  noticed  two  bald  eagles  sail- 
ing in  circling  sweeps  at  a  height  of  probably  five  hundred 
feet.  After  a  time  our  attention  was  attracted  to  the  flash* 
ing  of  some  object  considerably  lower  down.  Examina- 
tion with  a  field-glass  proved  it  to  be  a  feather  which  one  of 
the  birds  had  evidently  cast.  As  it  seemed  apparent  that 
it  would  come  to  earth  only  a  short  distance  away,  seme  of 
our  party  started  to  get  it.  But  in  a  little  while  it  was 
noted  that  the  feather  was  no  longer  falling,  but  on  the 
contrary  was  rising  rapidly.  It  finally  went  out  of  sight 
upward.  It  apparently  was  drawn  into  the  same  current 
in  which  the  eagles  were  soaring  and  was  carried  i^p  like 
the  birds. 

It  was  by  such  painstaking  methods  as  these,  coupled 
with  the  mathematical  reduction  of  the  fruits  of  such 
observations  to  terms  of  angles  and  supporting  planes, 
that  the  Wrights  gradually  perfected  their  machine. 
The  first  airplane  to  which  they  fitted  a  motor  and 
which  actually  flew  has  been  widely  exhibited  in  the 
United  States,  and  is  to  find  final  repose  in  some 
public  museum.  Study  it  as  you  will  you  can  find  little 
resemblance  in  those  rectangular  rigid  planes  to  the 
wings  of  a  bird.  But  it  was  built  according  to  deduc- 
tions drawn  from  natural  flight. 

The  method  of  progress  in  these  preliminary  experi- 
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ments  was,  by  repeated  tests,  to  determine  what  form 
of  airplane,  and  of  what  proportions,  would  best  sup- 
port a  man.  It  was  evident  that  for  free  and  continu- 
ous flight  it  must  be  able  to  cany  not  only  the  pilot, 
but  an  engine  and  a  store  of  fuel  as  well.  Having,  as 
they  thought,  determined  these  conditions  the  Wrights 
essayed  their  first  flight  at  their  home  near  Dayton, 
Ohio.     It  was  a  cold  December  day  in  1903.     The  first 
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flight,  with  motor  and  all,  lasted  twelve  seconds; 
the  fourth  fifty-nine  seconds.  The  handful  of  people 
who  came  out  to  witness  the  marvel  went  home  jeering. 
In  the  spring  of  the  next  year  a  new  flight  was  an- 
nounced near  Dayton.  The  newspapers  had  been 
asked  to  send  reporters.  A  crowd  of  perhaps  fifty 
persons  had  gathered.  Again  fate  was  hostile.  The 
engine  worked  badly  and  the  airplane  refused  to  rise, 
The  crowd  dispersed  and  the  newspapermen,  returning 
the  next  day,  met  only  with  another  disappointment. 

These  repeated  failures  in  public  exhibitions  resulted 
in  creating  general  indifference  to  the  real  progress 
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that  superficially  regarded  the  machine  the  Wrights 
were  trying  to  perfect  gave  promise  of  useftilness  only 
in  war  or  in  sport.  We  are  not  either  a  warlike  or  a 
sporting  people.  Ready  enough  to  adopt  a  new  device 
which  seems  adapted  for  utilitarian  purposes,  as  is 
shown  by  the  rapid  multiplication  of  automobiles,  we 
leave  sport  to  otir  professional  ball  players,  and  our 
military  equipment  to  luck. 

So  after  continued  experimental  flights  in  the  open 
fields  near  Dayton  had  convinced  them  that  the  practi- 
cal weaknesses  in  their  machine  had  been  eliminated, 
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the  Wrights  packed  up  their  flyer  and  went  to  Prance. 
Before  so  doing  they  tried  to  get  encouragement  from 
the  United  States  Government,  but  failed.  Neither 
the  government  nor  any  rich  American  was  willing 
to  share  the  cost  of  further  experiments.  All  that  had 
been  done  was  at  their  own  cost,  both  in  time  and 
money.  In  France,  whither  they  went  in  1908,  they 
had  no  coldness  to  complain  of.  It  was  then  the 
golden  day  of  aviation  in  the  land  which  always  afforded 
to  the  Knights  of  the  Air  their  warmest  welcome  and 
their  most  liberal  support.  Two  years  had  elapsed 
since  Santos- Dumont,  turning  from  dirigibles  to  'planes, 
had  made  a  flight  of  238  yards.  This  the  Wrights  had 
at  the  time  excelled  at  home  but  without  attracting 
attention.  France  on  the  contrary  went  mad  with 
enthusiasm,  and  claimed  for  the  Brazilian  the  honour 
of  first  demonstrating  the  possibility  o£  flight  in  a 
heavier-than-air  machine.  England,  like  the  United 
States,  was  cold,  clinging  to  the  balloon  long  after 
all  other  nations  had  abandoned  it.  But  Prance  wel- 
comed the  Wrights  with  enthusiasm.  They  found  rivals 
a-plenty  in  their  field  of  effort,  Santos- Dumont,  Bleriot, 
Parman,  Latham  were  all  flying  with  airplanes,  but 
with  models  radically  different  from  that  of  the  Ameri- 
can brothers.  Nevertheless  the  latter  made  an  in- 
stant success. 

Prom  the  moment  they  found  that  they  had  hit  upon 
the  secret  of  raising,  supporting,  and  propelling  an 
airplane,  the  Wrights  made  of  their  profession  a 
matter  of  cold  business.  In  many  ways  this  was  the 
best  contribution  they  could  possibly  have  made  to 
the  science  of  aviation,  though  their  keen  eye  to  the 
main  chance  did  bring  down  on  them  a  certain  amount 
of  ridicule.     Europe  laughed  long  at  the  sang-froid  with 
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miles  an  hoor  made  by  the  machine  on  ita  txaL 
\rm.  That  bonus  looked  big  to  the  WHghts,  but  it 
co<;t  :.he  ^-ause  or  aviation  many  times  its  face  vahaa 
in  he  ^:on<p^5;sional  disfavour  :t  caused.  Aviatiaa 
,va<;  then  in  its  infancy  in  the  United  States.  Every 
man  m  Cxin^jress  wanted  to  see  the  dights.  But  Fort 
Myer.  -.vhose  parade  was  to  be  the  testing  ground,  was 
fully  fourteen  miles  from  the  Capitol,  and  reached 
only  mo55t  inconveniently  from  Washington  by  troiley, 
or  most  expensively  by  carriage  or  automobile.  Day 
after  day  members  of  the  House  and  Senate  made  the 
long  journey  axn^^ss  the  Potomac.  Time  and  agam 
they  journeyed  back  without  even  a  sight  of  the  flyer 
in  the  hangar.  One  after  another  little  flaws  discov- 
ered in  the  machine  led  the  aviators  to  postpone  their 
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flight.  Investigating  statesmen  who  thought  that 
their  position  justified  them  in  seeking  special  privi- 
leges were  brusquely  turned  away  by  the  military 
guard.  The  dusk  of  many  a  summer's  night  saw  thou- 
sands of  disappointed  sightseers  tramping  the  long 
road  back  to  Washington.  The  climax  came  when  on 
a  clear  but  breezy  day  Wilbur  Wright  annotmced  that 
the  machine  was  in  perfect  condition  and  could  meet 
its  tests  readily,  but  that  in  order  to  win  a  bigger 
bonus,  he  would  postpone  the  flight  for  a  day  with 
less  wind.  All  over  Washington  the  threat  was  heard 
that  night  that  Congress  would  vote  no  more  money 
for  aviation,  and  whether  or  not  the  incident  was  the 
cause,  the  sequence  was  that  the  American  Congress 
was,  tmtil  the  menace  of  war  with  Germany  in  191 6, 
the  most  niggardly  of  all  legislative  bodies  in  its 
treatment  of  the  flying  corps.  When  the  Wrights 
did  finally  fly  they  made  a  triumphant  flight  before 
twelve  thousand  spectators.  The  test  involved  cross- 
ing the  Potomac,  going  down  its  north  side  to  Alexan- 
dria, and  then  back  to  Fort  Myer.  Ringing  cheers  and 
the  crashing  strains  of  the  military  band  greeted  the 
return  of  the  aviator,  but  oblivious  to  the  enthusiasm 
Wilbur  Wright  stood  beside  his  machine  with  pencil 
and  pad  computing  his  bonus.  It  figured  up  to  five 
thousand  dollars,  and  the  reporters  chronicled  that 
the  Wrights  knew  well  the  difference  between  solid 
coin  and  the  bubble  of  reputation. 

But  this  seemingly  cold  indifference  to  fame  and 
single-minded  concentration  on  the  business  of  flying 
on  the  part  of  the  Wrights  was  in  fact  of  the  utmost 
value  to  aviation  as  an  art  and  a  science.  They  were 
pioneers  and  successful  ones.  Their  example  was 
heeded  by  others  in  the  business.    In  every  way  they 


idea  at  the  ethics  of  their  calling,  were  ^>peafiiig  to 
sensation  lovers  by  the  practice  of  dare-devil  feats,  the 
Wrights  with  admirable  common  sense  and  dignity 
stood  sturdily  against  any  such  degradation  of  the 
aviator's  art.  In  this  position  they  were  joined  by 
Glenn  Curtis,  and  the  influence  of  the  three  was  be- 
ginning to  be  shown  in  the  reduced  number  of  lives 
sacrificed  in  these  follies  when  the  Great  War  bndce 
upon  the  world  and  gave  to  aviation  its  greatest  oppor- 
tunity. The  world  will  hope  nevertheless  that  after 
that  war  shall  end  the  effort  to  adapt  the  airplane  to 
the  ends  of  peace  will  be  no  less  earnest  and  persistent 
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than  have  been  the  methods  by  which  it  has  been  made 
a  most  serviceable  auxiliary  of  war. 

In  July,  191 5,  Collier's  Weekly  published  an  inter- 
view with  OrviUe  Wright  in  which  that  man,  ordinarily 
of  few  words,  set  up  some  interesting  theories  upon  the 
future  of  airplanes. 

"The  greatest  use  of  the  airplane  to  date,"  said  Mr. 
Wright,  **has  been  as  a  tremendously  big  factor  of  modem 
warfare.    But — 

"The  greatest  use  of  the  airplane  eventually  will  be  to 
prevent  war. 

"Some  day  there  will  be  neither  war  nor  rumours  of  war, 
and  the  reason  may  be  flying  machines. 

' '  It  sounds  paradoxical.  We  are  building  airplanes  to  use 
in  time  of  war,  and  will  continue  to  build  them  for  war. 
We  think  of  war  and  we  think  of  airplanes.  Later  on, 
perhaps,  we  shall  think  of  airplanes  in  connection  with 
the  wisdom  of  keeping  out  of  war. 

*  *  The  airplane  will  prevent  war  by  making  it  too  expensive, 
too  slow,  too  difficult,  too  long  drawn  out — in  brief,  by 
making  the  cost  prohibitive. 

"Did  you  ever  stop  to  think,"  inquires  Wright,  "that 
there  is  a  very  definite  reason  why  the  present  war  in 
Europe  has  dragged  along  for  a  year  with  neither  side  gain- 
ing much  advantage  over  the  other?  The  reason  as  I 
figure  it  out  is  airplanes.  In  consequence  of  the  scouting 
work  done  by  the  flying  machines  each  side  knows  exactly 
what  the  opposing  forces  are  doing. 

"There  is  little  chance  for  one  army  to  take  another  by 
surprise.  Napoleon  won  his  wars  by  massing  his  troops 
at  unexpected  places.  The  airplane  has  made  that  im- 
possible. It  has  equalized  information.  Each  side  has 
such  complete  knowledge  of  the  other's  movements  that 
both  sides  are  obliged  to  crawl  into  trenches  and  fight  by 
means  of  slow,  tedious  routine,  rather  than  by  quick, 
spectacular  dashes. 
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Bay  iiiiprpmioii  n  tbflt  btton  tbe  pPBMut  wbt  "^^rtwl 
tii6  anny  experts  expected  it  to  be  a  "nattfT  of  a  tew  ■■^a*^ 
or  at  the  iiioett  a  £eirixioiiths.  To-daj  it  looks  as  if  it  mi^ 
run  into  years  be£are  one  side  can  detate  terms.  Noir» 
a  nation  tbat  may  be  wiDtiig  to  nndertake  a  war  lasting  a 
few  months  may  well  hesitate  about  **»B«*gw»g  in  one  that 
will  occnpy  years.  The  dai^  cost  of  a  great  war  ui  of 
comse  stupendous.  When  this  cost  rons  on  for  yeacs  the 
total  is  fikdy  to  be  so  great  that  the  side  which 
theless  loses.  War  will  heooine  profaibiliveiy 
The  scouting  work  in  fijring  madones  will  be  the  predomi- 
nating factor,  as  it  seems  to  me,  in  bringing  this  about.  I 
like  to  think  so  anyhow.*' 

*' What,  in  your  cqiinkm,  has  the  present  war  demonstrated 
n^iarding  the  relative  advantages  of  airidanes  and  Zsppdin 
airships?*'  the  inventor  was  asked. 

"The  airplane  seems  to  have  been  of  the  more  practical 
use,"  rq>lied  Wright.  "In  the  first  pboe,  dirigible  airshqB 
of  the  Zqqpdin  type  are  so  espcusive  to  build,  costing 
somewhere  around  a  half  millian  dollars  each,  that  it  is 
distinctly  disadvantageous  to  the  nation  operating  tiiem 
to  have  one  destroyed.  But  what  is  more  important  is 
the  fact  that  the  Zeppelin  is  so  large  that  it  furnishes  an 
excellent  target,  unless  it  sails  considerably  higher  than  is 
comparatively  safe  for  an  airplane.  And  when  the  Zeppelin 
is  at  a  safe  height  it  is  too  far  above  the  ground  for  your 
scout  to  make  accurate  observations.  Similarly,  when  the 
Zeppelin  is  used  for  dropping  bombs,  it  must  be  too  high 
for  the  bomb  thrower  to  diow  much  accuracy." 

"You  think  that  the  use  of  fl3ring  machines  for  scouting 
purposes  will  be  of  considerably  more  importance  than 
their  use  as  a  means  of  attack?"  was  another  question. 

"That  has  been  decidedly  true  so  far,"  replied  Wright. 
"About  all  that  has  been  accomplished  by  either  side  from 
bomb  dropping  has  been  to  kill  a  few  non-combatants 
and  that  will  have  no  bearing  on  the  result  of  the  war. 

"English  newspapers  have  long  talked  of  the  danger  of 
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Zeppelin  attacks  or  airplane  attacks,  but  it  was  all  for  a 
purpose,  because  they  did  not  believe  the  country  was 
sufficiently  prepared  for  war  and  sought  to  arouse  the 
people  and  the  War  Department  to  action  by  means  of  the 
airship  bogy,  [later  hist(M7  showed  Mr.  Wright  sadly 
in  error  on  this  point.] 

"Aside  from  the  use  of  the  machines  for  war  purposes  the 
war  will  give  a  great  boost  to  aviation  generally.  It  has 
led  more  men  to  leam  to  fly,  and  with  a  higher  degree  of 
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skill  than  ever  before.  It  has  awakened  people  to  aviation 
possibilities. 

"Just  like  the  automobile,  it  will  become  more  and  more 
tool-proof,  easier  to  handle  and  safer.  There  is  no  reason 
why  it  should  not  take  the  place  of  special  trains  where 
there  is  urgent  need  of  great  speed. 

"The  airplane  has  never  really  come  into  its  own  as  a 
sporting  proposition.  Of  late  years  the  tendency  has  been 
to  develop  a  high  rate  of  speed  rather  than  to  build  machines 
that  may  be  operated  safely  at  a  comparatively  low  speed. 
You  see,  a  machine  adapted  to  make  from  seventy  to  one 
hundred  miles  an  hour  cannot  run  at  all  except  at  a  pretty 
rapid  clip,  and  this  means  difSculty  in  getting  down.  One 
must  have  a  good,  smooth  piece  of  ground  to  land  on  and 
plenty  of  it.    When  we  get  an  airplane  that  will  fly  along 
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at  twenty  miles  an  hour,  one  can  land  almost  any  place, — 
on  a  roof,  if  necessary, — and  then  people  will  begin  to  take 
an  interest  in  owning  an  airplane  for  the  enjoyment  of 
flying." 

''  Is  it  true  that  yoa  and  yonr  brother  had  a  conqnct 
not  to  fly  together?" 

"  Yes,  we  felt  that  until  the  records  of  our  work  could  be 
made  complete  it  was  a  wise  precaution  not  to  take  a  chance 
on  both  of  us  getting  killed  at  the  same  time.  We  never 
flew  together  but  once.  From  1900  to  1908  the  total  time 
in  the  air  for  both  Wilbur  and  myself,  all  put  together, 
was  only  about  four  hours.'' 

Mr.  Wright's  statement  of  the  brevity  of  the  time 
spent  in  acttial  flying  in  order  to  learn  the  art  will 
astonish  many  people.  Few  novices  would  be  so  rash 
as  to  undertake  to  steer  an  automobile  alone  after  only 
four  hours'  practice,  and  despite  the  fact  that  the 
aviator  always  has  plenty  of  space  to  himself  the  air- 
plane can  hardly  yet  be  regarded  as  simple  a  machine 
to  handle  as  the  automobile.  Nevertheless  the  ease 
with  which  the  method  of  its  actual  manipulation  is 
acquired  is  surprising.  More  work  is  done  in  the  class- 
room and  on  the  ground  to  make  the  fighting  pilot 
than  in  the  air.  As  we  have  traced  the  development  of 
both  dirigible  and  airplane  from  the  first  nascent  germ 
of  their  creation  to  the  point  at  which  they  were  sufl5- 
ciently  developed  to  play  a  large  part  in  the  greatest 
of  all  wars,  let  us  now  consider  how  hosts  of  yoimg 
men,  boys  in  truth,  were  trained  to  fly  like  eagles  and 
to  give  battle  in  midair  to  foes  no  less  well  trained  and 
desperate  than  they. 


CHAPTER  VI 

THE  TRAINING  OF  THE  AVIATOR 

The  Great  War,  opening  in  Europe  in  1914  and 
before  its  end  involving  practically  the  whole  world, 
including  our  own  nation,  has  had  more  to  do  with  the 
rapid  development  of  aircraft,  both  dirigible  balloons 
and  airplanes,  than  any  other  agency  up  to  the  present 
time.  It  tested  widely  and  discarded  all  but  the  most 
efficient.  It  established  the  relative  value  of  the  dirigi- 
ble and  the  airplane,  so  relegating  the  former  to  the 
rear  that  it  is  said  that  the  death  of  Cotmt  Zeppelin, 
March  8,  191 7,  was  in  a  measure  due  to  his  chagrin 
and  disappointment.  It  stimulated  at  once  the  in- 
ventiveness of  the  constructors  and  the  skill  and  daring 
of  the  pilots.  When  it  opened  there  were  a  few  thou- 
sand machines  and  trained  pilots  in  all  the  armies  of 
Europe.  Before  the  war  had  been  in  progress  three 
years  there  were  more  flying  men  over  the  battlefields 
of  the  three  continents,  Europe,  Asia,  and  Africa,  than 
there  were  at  that  time  soldiers  of  all  classes  enlisted 
in  the  regular  army  of  the  United  States.  Before  that 
war  the  three  arms  of  the  armed  service  had  been 
infantry,  artillery,  and  cavalry.  The  experience  of  war 
added  a  new  arm — the  aviation  corps — ^and  there  is 
to-day  some  doubt  whether  in  importance  it  should 

not  be  ranked  above  the  cavalry. 
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When  war  was  declared  none  of  the  belligerent 
nations  had  its  aerial  fleet  properly  organized,  nor  was 
the  aviation  department  in  any  of  them  equal  in  pre- 
paredness to  the  rest  of  the  army.  The  two  great 
antagonists  did  not  differ  greatly  in  the  strength  of 
their  flying  forces.  Germany  possessed  about  looo 
airplanes,  exclusive  of  about  450  in  private  hands,  of 
all  which  it  is  estimated  about  700  were  ready  for 
immediate  service.  Fourteen  Zeppelins  were  in  com- 
mission, and  other  large  dirigibles  of  different  types 
brought  the  nimiber  of  the  craft  of  this  sort  available 
up  to  forty, 

France  was  stronger  in  airplanes  but  weaker  in 
dirigibles.  Of  the  former  she  had  about  1500;  of  the 
latter  not  more  than  twenty-five.  The  land  was  swept 
for  planes  in  the  hands  of  private  owners  and,  as  the 
French  people  had  from  the  first  taken  a  lively  interest 
in  aviation,  more  than  500  were  thus  obtained.  The 
French  furthermore  at  the  very  outset  imperilled 
their  immediate  strength  in  the  air  for  the  sake  of  the 
future  by  adopting  four  or  five  machines  as  army 
types  and  throwing  out  all  of  other  makes.  More 
than  550  machines  were  thus  discarded,  and  their 
services  lost  during  the  first  weeks  of  the  war.  The 
reason  for  this  action  was  the  determination  of  the 
French  to  equip  their  aviation  corps  with  standardized 
machines  of  a  few  types  only.  Thus  interchangeable 
parts  could  always  be  kept  in  readiness  in  case  of  an 
emergency,  and  the  aviation  corps  was  obliged  to 
familiarize  itself  with  the  workings  of  only  a  few 
machines.  The  objection  to  the  system  is  the  fact 
that  it  practically  stopped  all  development  of  any 
machines  in  France  except  the  favoured  few.  More- 
over it  threw  out  of  the  service  at  a  stroke,  or  remanded 
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for  further  instruction,  not  less  than  four  hundred  pilots 
who  had  been  trained  on  the  rejected  machines.  The 
order  was  received  with  great  public  dissatisfaction, 
and  for  a  time  threatened  serious  trouble  in  the  Cham- 
ber of  Deputies  where  criticisms  of  the  direction  of  the 
flying  service  even  menaced  the  continuance  of  the 
ministry  in  power. 

At  the  outset  of  the  war  Great  Britain  lagged  far 
behind  the  other  chief  beUigerents  in  the  extent  of  her 
preparations  for  war  in  the  air.  As  has  been  pointed 
out  the  people  of  that  nation  had  never  taken  the  gen- 
eral interest  in  aviation  which  was  manifested  in  France, 
and  there  was  no  persistent  Cotmt  von  Zeppelin  to 
stir  government  and  citizens  into  action.  The  situa- 
tion was  rather  anomalous.  Protected  from  invasion 
by  its  ring  of  surrotmding  waters,  England  had  long 
concentrated  its  defensive  efforts  upon  its  navy.  But 
while  the  danger  of  invasion  by  the  air  was  second  only 
to  that  by  sea  the  British  contemplated  with  indiffer- 
ence the  feverish  building  of  Zeppelins  by  Germany, 
and  the  multiplication  of  aircraft  of  every  sort  in 
all  the  nations  of  the  continent.  The  manufacture  of 
aircraft  was  left  to  private  builders,  and  not  until  the 
war  was  well  under  way  did  the  government  tmder- 
take  its  systematic  supervision.  The  Royal  Aerial 
Factory,  then  established,  became  the  chief  manu- 
facturer of  machines  for  army  and  navy  use,  and  acted 
also  as  the  agent  for  the  inspection  and  testing  of 
machines  built  by  private  firms.  Control  of  the  Royal 
Flying  Corps  is  vested  in  the  Admiralty,  the  govern- 
ment holding  that  the  strategy  of  airships  was  distinctly 
naval. 

In  the  use  of  seaplanes  the  British  were  early  far  in  the 
lead  of  other  nations,  as  we  shall  see  in  a  later  chapter. 


And  in  the  prampt  and  effideat  employmeiit  of  such 
aitcratt  as  she  posaessea  at  the  opemng  of  the  war 
dKfRErnrtriMni^iHHMViiiiirilanipiiikafaaHrtMB 


possessed  about  dve  hundred  machines,  of  which  t 
handled,  were  seaplanes,  and  tifteen  dirigibles.     I 
spite  this  puny  force,  however,  British  aviators  B 
across  the  channel  in  sneh  numbers  to  the  headquartonf  , 
in  France  that  wfaea  the  Expeditionary  Anny  arrivn*  ' 
on  the  scene  it  foond  ready  to  its  hand  a  scouting  foi 
vastly  sopezin'  to  anything  the  Gennans  conid  pot  ik.  -i 
the  ak.    It  is  no  exaggeruion  to  say  that  the  Rayafc  1 
Plying  Corps  saved  Sir  John  French's  aimy  in  his  h 
and  gallant  fight  gainst  the  ovorwhehning  nto 
of  the  foe. 

Russia  befose  the  war  had  hidden  her  t 
activities  bdiind  the  dreary  ciutain  of  miles  of  steppe 
and  marsh  that  shut  her  oil  from  the  watchfalneas  of 
Western  Europe.  Proiessional  aviators,  indeed,  had 
gnny  ^  ^littwr  to  rnalfii*  ^^hiW'w"  HiphLn  .■"jy  taus^SMiM: 
pttcses  and  bad  brought  back  word  of  huge  airplanes 
in  course  of  construction  and  an  eager  public  interest 
in  the  subject  of  flying.  But  the  secrecy  which  all 
the  govemmoits  so  soon  to  be  plunged  in  war  souf^ 
to  throw  about  their  production  of  aircraft  was  e^pe- 
ciaily  easy  for  Russia  in  her  isolation.  Whsi  the 
storm  burst  her  air  fieet  was  not  less  than  eight  hundred 
airplanes,  and  at  least  twenty-&ve  dirigibles. 

A  competent  authority  estimates  that  at  the  out- 
break of  the  war  the  various  Powers  possesGed  a  total 
of  4980  aircraft  of  all  sorts.  This  sounds  lilra  a  colos- 
sal fieet,  but  by  1917  it  was  probably  multiplied  more 
than  tenfold.  Of  the  increase  of  aircraft  we  can  judge 
only  by  goessworic     The  belligerents  keep  thor  01^ 
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put  an  inviolable  secret.  It  was  known  that  many 
factories  with  a  capacity  of  from  thirty  to  fifty  'planes 
a  week -were  working  in  the  chief  belligerent  lands, 
that  the  United  States  was  shipping  aircraft  in  parts 
to  avoid  violation  of  neutrality  laws  before  their 
entrance  upon  the  war;  and  that  American  capital 
operated  factories  in  Canada  whence  the  completed 
craft  could  be  shipped  regardless  of  such  laws.  How 
great  was  the  loss  to  be  offset  against  this  new  con- 
struction is  a  subject  on  which  no  authoritative  figiu'es 
are  available. 

It  was  estimated  early  in  the  war  that  the  life  of  an 
airplane  in  active  service  seldom  exceeded  three  weeks. 
In  passing  it  may  be  mentioned  that  by  some  misap- 
prehension on  the  part  of  the  public,  this  estimate  of 
the  duration  of  a  machine  was  thought  to  cover  also 
the  average  life  of  the  aviators  in  service.  Happily 
this  was  far  from  true.  The  mortality  among  the 
machines  was  not  altogether  due  to  woimds  sustained 
in  combat,  but  largely  to  general  wear  and  tear,  rough 
usage,  and  constant  service.  The  slightest  sign  of 
weakness  in  a  machine  led  to  its  instant  condemnation 
and  destruction,  for  if  it  should  develop  in  mid-air  into 
a  serious  fault  it  might  cost  the  life  of  the  aviator  and 
even  a  serious  disaster  to  the  army  which  he  was  serv- 
ing. As  the  war  went  on  the  period  of  service  of  a 
machine  became  even  briefer,  for  with  the  growing 
demand  for  faster  and  more  quickly  controllable 
machines  everything  was  sacrificed  to  lightness  and 
speed.  The  factor  of  safety  which  early  in  the  war  was 
six  to  eight  was  reduced  to  three  and  a  half,  and  instances 
were  known  in  all  services  of  machines  simply  collaps- 
ing and  going  to  pieces  tmder  their  own  weight  without 
wound  or  shock. 


io8  Aircraft  and  Submarines 

About  the  extent  to  which  the  belligerent  govern- 
ments developed  their  air  forces  after  the  outbreak  of 
war  there  was  during  the  continuance  of  that  conflict 
great  reticence  maintained  by  all  of  them.  At  the 
outset  there  was  little  employment  of  the  flyers  except 
on  scouting  reconnaissance  work,  or  in  directing  artil- 
lery fire.  The  raids  of  Zeppelins  upon  England,  of 
seaplanes  on  Kiel  and  Cuxhaven,  of  airplanes  on  Fried- 
richshaven,  Essen,  and  Venice  came  later.  It  has  been 
noted  by  military  authorities  that,  while  Germany  was 
provided  at  first  with  the  largest  aviation  force  of  all 
the  belligerents,  she  either  imderestimated  its  value  at 
the  outset,  or  did  not  know  how  to  employ  it,  for  she 
bltmdered  into  and  through  Belgium  using  her  tradi- 
tional Uhlans  for  scouts,  to  the  virtual  exclusion  of 
airmen.  The  effectiveness  of  the  Belgian  fight  for 
delay  is  ascribed  largely  to  the  intelligent  and  effective 
use  its  strategists  made  of  the  few  aircraft  they 
possessed. 

Wellington  was  wont  to  say  that  the  thing  he  yearned 
for  most  in  battle  was  to  "see  the  other  side  of  that 
hill." 

Napoleon  wrote: 

Nothing  is  more  contraclictor}%  nothing  more  bewilder- 
ing than  the  multitude  of  reports  of  spies,  or  of  officers 
sent  out  to  reconnoitre.  Some  locate  army  corps  where 
they  have  seen  only  detachments;  others  see  only  detach- 
ments where  they  ought  to  have  seen  army  corps. 

So  the  two  great  protagonists  of  the  opening  years 
of  the  nineteenth  century  deplored  their  military  blind- 
ness. In  the  opening  years  of  the  twentieth  it  was 
healed.  All  that  Wellington  strove  to  see,  all  that 
the  cavalry  failed  to  find  for  Napoleon  is  to-day  brought 
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to  headquarters  by  airmen,  neatly  set  forth  in  maps, 
supported  by  photographs  of  the  enemy's  positions 
taken  from  the  sky. 

Before  describing  the  exploits  of  the  airmen  in  actual 
campaign  let  us  consider  some  accoimt  of  how  they 
were  trained  for  their  arduous  and  novel  duties. 

To  the  non-professional  an  amazing  thing  about  the 
employment  of  aircraft  in  war  has  been  the  rapidity 
with  which  pilots  are  trained.  The  average  layman 
would  think  that  to  learn  the  art  of  manoeuvring  an 
airplane  with  such  swiftness  as  to  evade  the  attacks 
of  an  enemy,  and  to  detect  precisely  the  proper  moment 
and  method  of  attacking  him  in  turn,  would  require 
long  and  arduous  practice  in  the  air.  But  as  we  have 
seen  in  earlier  chapters,  inventors  like  the  Wrights, 
Bleriot,  and  Farman  learned  to  fly  with  but  a  few  hours 
spent  in  the  air,  with  flights  lasting  less  than  ten  minutes 
each.  So  too  the  army  aviators  spent  but  little  time 
aloft,  though  their  course  of  instruction  covered  in  all 
a  period  of  about  four  months. 

Some  accotmt  of  the  method  of  instruction  as  re- 
ported by  several  out  of  the  htmdred  or  more  American 
boys  who  went  to  fly  for  Prance  may  be  interesting. 

As  a  rule  the  aviators  were  from  twenty  to  twenty- 
five  years  of  age.  "Below  twenty  boys  are  too  rash; 
above  twenty-five  they  are  too  prudent,"  said  a  senten- 
tious French  aviator.  A  slight  knowledge  of  motors  such 
as  would  be  obtained  from  familiarity  with  automobiles 
was  a  marked  advantage  at  the  start,  for  the  first  task 
of  the  novice  was  to  make  himself  familiar  with  every 
type  of  airplane  engine.  The  army  pilot  in  all  the 
armies  was  the  aristocrat  of  the  service.  Mechanics 
kept  his  motor  in  shape,  and  helpers  housed,  cleaned, 
and  brought  forth  his  machine  for  action.    But  while 
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would  take  before  taking  tiie  action  necessary  to  avoid 

its  fire.  Or  how  quickly  would  he  pull  the  lever  ne- 
cessary to  guard  against  a  sudden  gust  of  wind.  To 
the  layman  it  would  appear  that  problems  of  this  sort 
could  only  be  solved  in  the  presence  of  the  actual 
attack,  but  science,  which  enables  artillerists  to  destroy 
a  little  village  beyond  the  hills  which  they  never  see, 
was  able  to  devise  instruments  to  answer  these  ques- 
tions in  the  quiet  of  the  laboratory. 

One  of  the  best  known  flying  schools  of  the  French 
army  was  at  Pau,  where  on  broad  level  plains  were, 
in  191 7,  four  separate  camps  for  aviators,  each  with  its 
group  of  hangars  for  the  machines,  its  repair  shops,  and 
with  a  tall  wireless  tower  upstanding  in  the  midst  for 
the  daily  war  news  from  Paris.    On  these  plains  the 
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Wright  Brothers  had  made  some  of  their  earliest  French 
flights.  A  little  red  bam  which  they  had  made  their 
workshop  was  still  standing  there  when  war  sud- 
denly turned  the  spot  into  a  flying  school  often  with 
as  many  as  five  thousand  pupils  in  attendance,  "To- 
day that  little  red  bam, "  writes  Carroll  Dana  Winslow, 
one  of  the  Americans  who  went  to  fly  for  France, 
''stands  as  a  monument  to  American  stupidity,  for 
when  we  allowed  the  Wrights  to  go  abroad  to  perfect 
their  ideas  instead  of  aiding  them  to  carry  on  their 
work  at  home  we  lost  a  golden  opportunity.  Now  the 
United  States  which  gave  to  the  world  the  first  prac- 
tical airplane  is  the  least  advanced  in  this  all-important 
science." 

Arrived  at  the  school  the  tyro  studies  the  ftmdamen- 
tals  of  flying  in  the  classroom  and  on  the  field  for  two 
months  before  he  is  allowed  to  go  up — ^to  receive  as 
they  express  it,  his  hapthne  de  Vair.  He  picks  motors 
to  pieces,  and  puts  them  together,  he  learns  the  prin- 
ciples of  airplane  construction,  and  can  discourse  on 
such  topics  as  the  angle  of  attack  of  the  cellule,  the 
incidence  of  the  wings,  and  the  carrying  power  of  the 
tail-plane.  More  than  any  other  science  aviation  has 
a  vocabulary  of  its  own,  and  a  peculiarly  cosmopolitan 
one  drawn  from  all  tongues,  but  with  the  French  pre- 
dominating. America  gave  the  airplane  to  France, 
but  France  has  given  the  science  its  terminology. 

The  maps  of  the  battlefields  of  this  war  are  the 
marvels  of  military  science.  Made  from  the  air  they 
show  every  road  and  watercourse,  every  ditch  and  gully, 
every  patch  of  woodland,  every  farmhouse,  church, 
or  stonewall.  Much  of  the  early  work  of  the  aviator 
is  in  learning  to  make  such  maps,  both  by  sketches 
and  by  the  employment  of  the  camera.    It  is  no  easy 
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is  not  easj'  to  tell  from  a  trench.  All  these  things  the 
aviator  must  first  learn  to  see  with  accuracy,  and  then 
to  depict  on  his  map  with  precision.  He  mixst  learn 
furthermore  to  read  the  maps  of  his  fellows — a  task 
presupposing  some  Imowledge  of  how  they  had  been 
made.  He  must  leam  to  fly  by  a  map,  to  recognize 
objects  by  the  technical  signs  upon  it,  to  estimate  his 
drift  before  the  wind  because  of  which  the  machine 
moves  sidewise  en  crabe — or  like  a  crab  as  the  French 
phrase  it 

His  first  flight  the  novice  makes  in  a  machine  espe- 
cially fitted  for  instruction.  The  levers  are  fitted  with 
double  handles  so  that  both  learner  and  tutor  may 
hold  them  at  once-  If  the  greenhorn  pushes  when  he 
should  pull  the  veteran's  grip  is  hard  on  the  handle 
to  correct  the  error  before  it  can  cost  two  lives — for  in 
the  air  there  is  little  time  to  experiment.  Either  set 
of  controls  will  steer  the  machine.  The  pupil  grasps 
his  levers,  and  puts  his  feet  on  the  pedals.  At  first 
the  instructor  will  do  the  steering,  the  pupil  following 
with  hands  and  feet  as  the  motions  made  by  the  in- 
structor are  communicated  to  him  by  the  moving 
levers.  For  a  time  the  two  work  together.  Then  as 
the  instructor  senses  that  the  student  himself  is  dcnng 
the  right  thing  he  gradually  lessens  his  own  activity, 
until  after  a  few  days'  practice  the  student  finds  that 
he  is  flying  with  a  passenger  and  directing  the  machine 
himself.  In  France,  at  any  rate,  they  teach  in  brief 
lessons.  Each  flight  for  instruction  is  limited  to  about 
five  minutes.  At  first  the  student  operates  in  a  "pen- 
guin"— a  machine  which  will  run  swiftly  along  the 
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ground  but  cannot  rise.  It  is  no  easy  trick  at  first, 
to  control  the  '* penguin"  and  keep  its  course  direct. 
Then  he  will  try  the  **  jumps"  in  a  machine  that  leaps 
into  the  air  and  descends  automatically  after  a  twenty 
to  forty  yards'  flight.  As  Darius  Green  expressed  it 
so  long  ago,  the  trouble  about  flying  comes  when  you 
want  to  alight.  That  holds  as  true  to-day  with  the 
most  perfect  airplanes,  as  in  boyhood  days  when  one 
jumped  from  the  bam  in  perfect  confidence  that  the 
family  tunbrella  would  serve  as  a  parachute.  To  alight 
with  an  airplane  the  pilot — supposing  his  descent  to 
be  voluntary  and  not  compelled  by  accident  or  other- 
wise— surveys  the  coimtry  about  him  for  a  level  field, 
big  and  clear  enough  for  the  machine  to  run  off  its 
momentum  in  a  nm  of  perhaps  two  hundred  yards 
on  its  wheels.  Then  he  gets  up  a  good  rate  of  speed, 
points  the  nose  of  the  'plane  down  at  a  sharp  angle  to 
the  groimd,  cuts  off  the  engine,  and  glides.  The  angle 
of  the  fall  must  be  great  enough  for  the  force  of  grav- 
ity to  keep  up  the  speed.  There  is  a  minimum  speed 
at  which  an  airplane  will  remain  subject  to  control. 
Loss  of  speed — '*perte  de  vitesse,*'  as  the  French  call  it — 
is  the  aviator's  most  common  peril  in  landing.  If  it 
occurs  after  his  engine  is  cut  off  and  he  has  not  the  time 
to  start  it  again,  the  machine  tilts  and  slides  down 
sideways.  If  it  occurs  higher  up  a  vrille  is  the  probable 
result.  In  this  the  plane  plimges  toward  the  grotmd 
spinning  round  and  round  with  the  comer  of  one  wing 
as  a  pivot.  In  either  case  a  serious  accident  is  almost 
inevitable. 

In  fact  the  land  is  almost  as  dangerous  to  the  naviga- 
tor of  the  air  as  it  is  to  him  of  the  sea.  To  make  good 
landings  is  an  art  only  perfected  by  constant  practice. 
To  shut  off  the  engine  at  precisely  the  right  moment, 
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>  choose  an  angle  of  descent  that  will  secure  the  great- 
est speed  and  at  the  same  moment  bring  you  to  your 
iding  place,  to  change  at  the  most  favourable  time 
Mn  this  angle  to  one  that  will  bring  you  to  the  ground 
^t  the  most  gentle  of  obtuse  angles,  and  to  let  your 
[mchine,  weighing  perhaps  a  ton,  drop  as  lightly  as  a 
I  and  run  along  the  earth  for  several  hundred  feet 
lOfe  coming  to  a  full  stop,  are  all  features  of  making 
landing  which  the  aviator  has  to  master. 
In  full  air  there  are  but  few  perils  to  encounter.     AH 
irmen  unite  in  declaring  that  even  to  the  novice  in  an 
airplane  there  is  none  of  that  sense  of  dizziness  or  ver- 
tigo which  so  many  people  experience  in  looking  down 
from  high  places.     The  flyer  has  no  sense  of  motion. 
A  speed  of  forty  miles   an  hour  and  of  one  hundred 
miles  are  the  same  to  him.     As  he  looks  down  the 
earth  seems  to  be  slipping  away  from  him,  and  moving 
by,  tailwards,  like  an  old-fashioned  panorama  being 
unwound, 

Everything  about  the  control  of  an  airplane  has  to 
be  learned  mechanically.  Once  learned  the  aviator 
applies  his  knowledge  intuitively.  He  "senses"  the 
position  and  progress  erf  the  craft  by  the  feel  of  the 
controls,  as  the  man  at  the  yacht's  tiller  tells  mysteri- 
ously how  she  is  responding  to  the  breeze  by  "the  feeL" 
Even  before  the  'plane  responds  to  some  sudden  gust 
of  wind,  or  drops  into  a  hole  in  the  air,  the  trained 
aviator  will  foresee  precisely  what  is  about  to  happen. 
He  reads  it  in  some  Uttle  thrill  of  his  lever,  a  quiver  in 
the  frame,  as  the  trained  boxer  reads  in  bis  antagonist's 
eyes  the  sort  of  blow  that  is  coming.  This  instinctive 
control  of  his  machine  is  absolutely  essential  for  the 
fighting  pilot  who  must  keep  his  eyes  on  the  movements 
of  his  enemy,  watch  out  for  possible  aircraft  guns  below, 
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and  all  the  time  be  striving  to  get  an  advantageous 
position  whence  he  can  turn  his  machine  gtm  loose. 
A  row  of  gauges,  dials,  a  compass,  and  a  map  on  the 
frame  of  the  car  in  which  he  sits  will  engage  his  atten- 
tion in  any  moments  of  leisure.  It  is  needless  to  re- 
mark that  the  successful  pilot  must  have  a  quick  eye 
and  steady  nerves. 

Nerve  and  rapidity  of  thought  save  the  aviator  in 
many  a  ticklish  position.  It  is  perhaps  a  tribute  to 
the  growing  perfection  of  the  airplanes  that  in  certain 
moments  of  peril  the  machine  is  best  left  wholly  to 
itself.  Its  stability  is  such  that  if  freed  from  control 
it  will  often  right  itself  and  glide  safely  to  earth.  This 
not  infrequently  occurs  in  the  moment  of  the  dreaded 
perte  de  vitesse,  to  which  reference  has  been  made.  In 
his  book,  With  the  French  Flying  Corps,  Mr.  Carroll 
Dana  Winslow,  a  daring  American  aviator,  tells  of  two 
such  experiences,  the  one  under  his  observation,  the 
other  happening  to  himself: 

The  modem  airplane  is  naturally  so  stable  [he  says] 
that  if  not  interfered  with  it  will  always  attempt  to  right 
itself  before  the  dreaded  vrille  occurs,  and  fall  en  feuille 
morte.  Like  a  leaf  dropping  in  an  autumn  breeze  is  what 
this  means,  and  no  other  words  explain  the  meaning  better. 

A  curious  instance  of  this  happened  one  day  as  I  was 
watching  the  flights  and  waiting  for  my  turn.  I  was 
particularly  interested  in  a  machine  that  had  just  risen  from 
the  "Grande  Piste.**  It  was  acting  very  peculiarly. 
Suddenly  its  motor  was  heard  to  stop.  Instead  of  diving 
it  commenced  to  wabble,  indicating  a  perte  de  vitesse.  It 
slipped  off  on  the  wing  and  then  dove.  I  watched  it 
intently,  expecting  it  to  turn  into  the  dreaded  spiral. 
Instead  it  began  to  dimb.  Then  it  went  off  on  the  wing, 
righted  itself,  again  slipped  off  on  the  wing,  volplaned, 
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and  went  off  once  more.  This  extraordinary  performance 
was  repeated  several  times,  while  each  time  the  machine 
approached  nearer  and  nearer  to  the  groimd.  I  thought 
that  the  pilot  would  surely  be  killed-  Luck  was  with  him, 
however,  for  his  slip  ceased  just  as  he  made  contact  with 
the  ground  and  he  settled  in  a  neighbouring  field.  It  was 
a  very  bumpy  landing  but  the  airplane  was  undamaged. 

The  officers  rushed  to  the  spot  to  find  out  what  was  the 
matter.  They  found  the  pilot  unconscious,  but  otherwise 
unhurt.  Later  in  the  hospital  he  explained  that  the  alti- 
tude had  aSected  his  heart  and  that  he  had  fainted.  As 
he  felt  himself  going  he  remembered  his  instructions  and 
rehnquished  the  controls,  at  the  same  time  stopping  his 
motor.  His  presence  of  mind  and  his  luck  had  saved  his 
life — his  luck  I  say,  for  bad  the  machine  not  righted  itself 
at  the  moment  of  touching  the  ground  it  would  have  been 
inevitably  wrecked. 

The  spectacle,  though  terrifying,  proved  valuable 
is  an  education  to  young  Winslow  who  a  few  days  later 
was  ordered  to  a  test  of  ascension  of  two  thousand  feet. 
This  is  his  story: 

I  had  a  narrow  escape.  I  had  received  orders  to  make  a 
flight  during  a  snow-storm.  I  rose  to  the  prescribed  height 
and  then  prepared  to  make  my  descent.  A  whirling  squall 
caught  me  in  the  act  of  making  a  spiral.  I  felt  the  tail  of 
my  machine  go  down  and  the  nose  point  up.  I  had  a 
classical  perU  de  vitase.  I  looked  out  and  saw  that  I  was 
less  than  eight  hundred  feet  above  the  ground  and  approach- 
ing it  at  an  alarming  rate  of  speed.  I  had  already  shut  o£F 
the  motor  for  the  spiral,  and  turning  it  on,  I  knew,  wottld 
not  help  me  in  the  least.  Suddenly  I  remembered  the  fSkt 
who  fainted.  I  let  go  of  everything,  and  with  a  ackeidiig 
feeling  I  looked  down  at  the  up'tushiog  ground.  At  that 
instant  I  felt  the  machine  give  a  lurch  and  right  itself.  I 
grabbed  the  controls,  turned  on  the  motor,  and  resumed  my 
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line  of  flight  only  two  hundred  feet  in  the  air.  All  this 
happened  in  a  few  seconds,  but  my  helplessness  seemed  to 
have  lasted  for  hours.  I  had  had  a  very  close  call — not  as 
close  as  the  man  who  fainted,  but  sufficiently  so  for  me. 

We  have  said  that  the  process  of  training  a  flyer  is 
remarkably  expeditious.  So  far  as  the  fundamentals 
of  his  profession  are  concerned  it  is.  But  his  education 
in  fact  never  ends.  In  the  mere  matter  of  reconnais- 
sance, for  example,  experience  is  everything.  One 
might  imagine  that  ten  thousand  men  marching  on  a 
road  would  look  alike  in  numbers  whatever  the  nation- 
ality. Not  so.  To  the  untrained  eye  five  thousand  or 
six  thousand  French  troops  will  look  as  numerous  as 
ten  thousand  British  or  Germans.  Why?  Because 
the  French  march  in  much  more  extended  order.  Into 
their  democratic  mihtary  methods  the  precision  and 
mechanical  exactitude  of  German  drill  do  not  enter. 
With  the  same  number  of  troops  they  will  extend  fur- 
ther along  the  road  by  at  least  a  third  than  would  a 
detachment  of  either  of  the  other  armies. 

And  again.  Great  skill  has  been  developed  in  the 
course  of  the  war  in  the  art  of  concealing  positions  and 
particularly  in  disguising  cannon.  The  art  has  given 
a  new  word  to  the  world — camouflage.  Correspon- 
dents have  repeatedly  told  of  their  amazement  in 
suddenly  coming  across  a  battery  of  75's,  or  a  great 
siege  gun  so  cunningly  hidden  in  the  edge  of  a  thicket 
they  would  be  almost  upon  it  before  detecting  it. 
Prom  an  airplane  2500  feet  or  more  in  the  air  it  re- 
quires sharp  eyes  to  penetrate  artillery  disguises.  A 
French  poilu  in  a  little  book  of  reminiscences  tells  with 
glee  how  a  German  observation  aviator  deceived  his 
batteries.     A    considerable    body    of    French    troops 
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being  halted  in  an  opea  fidd,  out  cf  st^  of  tiie  ooenqr 
batteries,  found  tbe  ^are  d  the  mm  oppnaatn,  and 
bsving  flome  time  to  wait  tfanw  down  tiietr  eqa^anoit 
and  betook  tibenudvea  to  the  oool  diadows  of  a  nei^ 
booring  wood.  Along  came  an  enemy  arator.  Fiom 
bit  lofty  hdg^  the  haveraadts,  Uanket-tollB^  and 
otiier  ideoes  of  dailc  eqoqiment  lying  tqxxi  tbB  giaaB 
foolced  HlcB  a  body  of  troops  resting.  JUfeer  sailing 
over  and  aroond  the  field  twice  as  thou^  to  make 
■wiirnnfr  doobfy  sure  he  sailed  sirifUy  away.  In  a 
very  few  minutes  shells  from  a  concealed  batteiy  began 
dtppjnng  into  that  field  at  the  rate  of  several  a  minttte.- 
Every  foot  of  it  was  torn  vp,  and  the  Ftendh  aoldieca 
from  their  retreat  in  the  woods  saw  their  eqt^Mneat 
bong  blown  to  peces  to  every  direction.  Tlieq)edaGie 
was  harrowing,  but  the  rcdectian  that  the  aviator  tm- 
doubtedly  thought  that  he  had  turned  his  guns  on  a 
field  full  of  men  was  cheering  to  them  in  their  safety. 

An  art  which  the  fij^ting  aviator  must  master  eariy 
in  his  career  is  that  of  high  diving.  Many  of  us  have 
seen  a  hawk,  soaring  high  in  air,  suddenly  fold  his 
pinions  and  drop  like  a  plummet  full  on  the  back  of 
some  luckless  pigeon  flapping  along  ungainly  scores  of 
feet  below,  or  a  fishhawk  drop  like  a  meteor  from  the 
sky  with  a  resounding  splash  upon  the  bosom  of  some 
placid  stream  and  rise  again  carrying  a  flapping  fish 
to  his  eyrie  in  the  distant  pines.  The  hunting  methods 
of  the  hawk  are  the  fighting  methods  of  the  airman. 
But  his  dives  exceed  in  height  and  daring  anything 
known  to  the  feathered  warriors  of  the  air. 

Boeike,  most  famous  of  all  the  German  airmen — or 
for  that  matter  of  all  aerial  fighters  of  his  day — who 
in  191 7  held  the  record  for  the  number  of  enemy  flyers 
bnjught  down,  was  famed  for  his  savage  dives.    He 
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would  fly  at  a  great  height,  fifteen  thousand  or  more  feet, 
thus  assuring  himself  that  there  was  no  enemy  above 
him.  When  he  sighted  his  prey  he  would  make  an 
absolutely  vertical  nose  dive,  dropping  at  the  rate  of 
150  miles  an  hour  or  more  and  spattering  shots  from 
his  machine  gtm  as  he  fell.  Six  hundred  shots  a  minute 
and  the  sight  of  this  charging  demon  were  enough  to 
test  the  nerve  of  any  threatened  aviator.  In  some 
fashion  Boelke  was  enabled  to  give  a  slight  spiral  form 
to  his  dive  so  that  his  victim  was  enveloped  in  a  ring 
of  bullets  that  blocked  his  retreat  whichever  way  he 
might  turn  for  safety. 

Personality  in  fighting  counted  much  for  success. 
Boelke's  method,  its  audacity  and  fierceness,  placed  him 
first  in  the  list  of  airmen  with  killing  records.  Cap- 
tain Immelmann,  also  a  German,  who  rolled  up  a  score 
of  thirty  enemies  put  out  of  action  before  he  himself 
was  slain,  followed  entirely  different  tactics.  His 
battle  manoeuvre  savoured  much  of  the  circus,  including 
as  it  did  complete  loop-the-loop.  For  instead  of  ap- 
proaching his  adversary  from  the  side,  or  as  would  be 
said  in  the  sea  navy,  on  the  beam,  he  followed  squarely 
behind  him.  His  study  was  to  get  the  nose  of  his 
machine  almost  on  the  tail  of  the  aircraft  he  was  pur- 
suing. This  gave  him,  to  begin  with,  what  used  to  be 
called  in  the  navy  a  raking  position,  for  his  shots  would 
rake  the  whole  body  of  the  enemy  airplane  from  tail 
to  nose  with  a  fair  chance  of  hitting  either  the  fuel  tank, 
the  engine,  or  the  pilot.  Failing  to  sectire  the  position 
he  most  coveted,  this  daring  German  would  surrender 
it  with  apparent  unconcern  to  the  enemy  who  usually 
fell  into  the  trap.  For  just  as  the  foeman's  machine 
came  up  to  the  tail  of  Immelmann's  craft  the  latter 
would  suddenly  turn  his  nose  straight  to  earth,  drop 
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like  a  stone,  execute  a  backward  loop,  and  come  up 
behind  his  surprised  adversary  who  thus  found  the 
tables  suddenly  turned. 

These  two  German  aviators  long  held  the  record  for 
execution  done  in  single  combat.  Boelke  was  killed 
before  the  air  duel  vanished  to  be  replaced  by  the  battle 
of  scores  of  planes  high  in  air.  Immelmann  survived 
longer,  but  with  the  incoming  of  the  pitched  battle 
his  personal  prowess  cotmted  for  less  and  his  fame 
waned. 

In  July,  191 7,  arrangements  were  complete  in  the 
United  States  for  the  immediate  training  in  the  funda- 
mentals of  aviation  of  ten  thousand  young  Americans. 
The  expectation  was  that  long  before  the  end  of  the 
year  facilities  would  be  provided  for  the  training  erf  many 
more.  Both  France  and  Great  Britain  sent  over 
squads  of  their  best  aviators,  some  of  them  so  incapa- 
citated from  wotmds  as  to  be  disqualified  for  further 
fighting,  but  still  vigorous  enough  for  the  work  of  an 
instructor.  The  aerial  service  took  hold  upon  the 
imagination  and  the  patriotism  of  young  America  as 
did  no  other.  The  flock  of  volunteers  was  far  beyond 
the  capacity  of  the  government  to  care  for,  and  many 
drifted  over  into  private  aviation  schools  which  were 
established  in  great  numbers.  The  need  for  the  yoimg 
students  was  admittedly  great.  More  and  more  the 
impression  had  grown  in  both  Great  Britain  and 
France  that  the  airplane  was  to  be  the  final  arbiter  in 
the  war.  It  was  hailed  at  once  as  the  most  dangerous 
enemy  of  the  submarine  and  the  most  efficient  ally  of 
troops  in  the  field.  No  number  seemed  too  great  for 
the  needs  of  the  entente  allies,  and  their  eagerness  to 
increase  their  flying  force  was  strengthened  by  the 
knowledge  of  the   fact   that   Germany  was  building 
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feverishly  in  order  that  its  fleet  in  the  air  might  not  be 
eclipsed. 

Perhaps  the  best  description  of  an  idealized  aviator 
was  given  by  Lieutenant  Lufbery,  of  the  Lafayette 
Escadrille,  who  came  to  the  United  States  to  assist 
in  training  the  new  corps  of  American  flying  men.  Luf- 
bery himself  was  a  most  successful  air  fighter — ^an  "ace" 
several  times  over.  Though  French  by  lineage,  he 
was  an  American  citizen  and  had  been  a  soldier  in  the 
United  States  Army.  In  October  of  191 7  his  record 
was  thirteen  Boches  brought  down  within  the  allied 
lines.  In  the  allied  air  service  one  gets  no  credit  for 
the  defeated  enemy  plane  if  it  falls  within  the  enemy 
lines. 

While  young  Americans  were  being  drilled  into  shape 
for  service  in  the  flying  corps,  Lufbery  gave  this  out- 
line of  the  type  of  men  the  service  would  demand : 

It  will  take  the  cream  of  the  American  youth  between  the 
ages  of  eighteen  and  twenty-six  to  man  America's  thousands 
of  airplanes,  and  the  double  cream  of  youth  to  qualify  as 
chasers  in  the  Republic's  new  aerial  army. 

Intensive  and  scientific  training  must  be  given  this 
cream  of  youth  upon  which  America's  welfare  in  the  war 
must  rest.  Experience  has  shown  that  for  best  results  the 
fighting  aviator  should  be  not  over  twenty-six  years  old 
or  tmder  eighteen.  The  youth  under  eighteen  has  shown 
himself  to  be  bold,  but  he  lacks  judgment.  Men  over  twenty- 
six  are  too  cautious. 

The  best  air  fighters,  especially  a  man  handling  a  chaser, 
must  be  of  perfect  physique.  He  must  have  the  coolest 
nerve  and  be  of  a  temperament  that  longs  for  a  fight.  He 
must  have  a  sense  of  absolute  duty  and  fearlessness,  the 
keenest  sense  of  action,  and  perfect  sight  to  gain  the  abso- 
lute "feel"  of  his  machine. 
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He  must  be  entirely  familiar  with  aerial  acrobatics.  The 
latter  frequently  means  life  or  death. 

Fighting  twenty-two  thousand  feet  in  the  air  produces  a 
heavy  strain  on  the  heart.  It  is  vital  therefore  that  this 
organ  show  not  the  slightest  evidence  of  weakness.  Such 
weakness  would  decrease  the  aviator's  fighting  efficiency. 

The  American  boys  who  come  over  to  France  for  this 
work  will  be  subject  to  rapid  and  frequent  variations  in 
altitude.  It  is  a  common  occurrence  to  dive  vertically  from 
six  thousand  to  ten  thousand  feet  with  the  motor  pulling 
hard. 

Sharpness  of  vision  is  imperative.  Otherwise  the  enemy 
may  escape  or  the  aviator  himself  will  be  surprised  or 
mistake  a  friendly  machine  for  a  hostile  craft.  The  differ- 
ences are  often  merely  insignificant  colours  and  details. 

America's  aviators  must  be  men  who  will  be  absolute 
masters  of  themselves  under  fire,  thinking  out  their  attacks 
as  their  fight  progresses. 

Experience  has  shown  that  the  chaser  men  should 
weigh  under  i8o  pounds.  Americans  from  the  ranks  of 
sport,  youth  who  have  played  baseball,  polo,  football, 
or  have  shot  and  participated  in  other  sports  will  make 
the  best  fighting  aviators. 


CHAPTER  VII 

SOME  METHODS  OF  THE  WAR  IN  THE  AIR 

The  fighting  tactics  of  the  airmen  with  the  various 
armies  were  developed  as  the  war  ran  its  course.  As 
happens  so  often  in  the  utilization  of  a  new  device, 
either  of  war  or  peace,  the  manner  of  its  use  was  by 
no  means  what  was  expected  at  the  outset.  For  the 
first  year  of  the  war  the  activities  of  the  airmen  fell  far 
short  of  realizing  Tennyson's  conception  of 

The  nations'  airy  navies  grappling  in  the  central  blue. 

The  grappUng  was  only  incidental.  The  dyers 
seemed  destined  to  be  scouts  and  rangefinders,  rather 
than  fighters.  Such  pitched  combats  as  there  were 
took  rather  the  form  of  duels,  conducted  with  some- 
thing  of  the  formality  of  the  days  of  chivalry.  The 
aviator  intent  upon  a  fight  would  take  his  machine 
over  the  enemy's  line  and  in  various  ways  convey  a 
challenge  to  a  rival — often  a  hostile  aviator  of  fame  for 
his  daring  and  skill  in  combat.  If  the  duel  was  to 
the  death  it  would  be  watched  usually  from  the  groimd 
by  the  comrades  of  the  two  duellists,  and  if  the  one 
who  fell  left  his  body  in  the  enemy's  lines,  the  victor 
would  gather  up  his  identification  disk  and  other  per- 
sonal belongings  and  drop  them  the  next  day  in  the 
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camp  of  the  dead  man's  comrades  with  a  note  of  polite 
regret. 

It  was  all  very  daring  and  chivahic,  but  it  was  not 
war  according  to  twentieth  century  standards  and  was 
not  long  continued. 

When  at  first  the  aviators  of  one  side  flew  over  the 
enemy's  territory  diligently  mapping  out  his  trenches, 
observing  the  movements  of  his  troops,  or  indicating, 
by  dropping  btmches  of  tinsel  for  the  sun  to  shine  upon 
or  breaking  smoke  bombs,  the  position  of  his  hidden 
battery,  the  foe  thus  menaced  sought  to  drive  them 
away  with  anti-aircraft  guns.  These  proved  to  be 
ineffective  and  it  may  be  said  here  that  throog^ioat 
the  war  the  swift  airplanes  proved  themselves  more 
than  a  match  for  the  best  anti-aircraft  artillery  that 
had  been  devised.  They  could  complete  their  recon- 
naissances or  give  their  signals  at  a  height  out  of  range 
of  these  guns,  or  at  least  so  great  that  the  chances  of 
their  being  hit  were  but  slight.  It  was  amazing  the 
manner  in  which  an  airplane  could  navigate  a  stretch 
of  air  full  of  bursting  shrapnel  and  yet  escape  serious 
injury.  The  mere  puncture,  even  the  repeated  punc- 
ture, of  the  wings  did  no  damage.  Only  lucky  shots 
that  might  pierce  the  fuel  tank,  hit  the  engine,  touch 
an  aileron  or  an  important  stay  or  strut,  cotdd  affect 
the  machine,  while  in  due  course  of  time  a  light  armour 
on  the  bottom  of  the  fusillage  or  body  of  the  machine 
in  which  the  pilot  sat,  protected  the  operator  to  some 
degree.  Other  considerations,  however,  finally  led 
to  the  rejection  of  armour. 

Accordingly  it  soon  became  the  custom  of  the  com- 
manders who  saw  their  works  being  spied  out  by  an 
enemy  soaring  above  to  send  up  one  or  more  aircraft 
to  challenge  the  invader  and  drive  him  away.     This 
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led  to  the  second  step  in  the  development  in  aerial 
strategy.  It  was  perfectly  evident  that  a  man  could 
not  observe  critically  a  position  and  draw  maps  of  it, 
or  seek  out  the  hiding  place  of  massed  batteries  and 
indicate  them  to  his  own  artillerists,  and  at  the  same 
time  protect  himself  from  assaults.  Accordingly  the 
flying  corps  of  every  army  gradually  became  diSeren- 
tiated  into  observation  machines  and  fighting  machines 
— or  avians  de  reglage,  avions  de  bombardment,  and 
avians  de  chasse,  as  the  French  call  them.  In  their 
order  these  titles  were  apphed  to  heavy  slow-moving 
machines  used  for  taking  photographs  and  directing 
artillery  fire,  more  heavily  armed  machines  of  greater 
weight  used  in  raids  and  bombing  attacks,  and  the 
swift  fighting  machines,  quick  to  rise  high,  and  swift 
to  manceuvre  which  would  protect  the  former  from  the 
enemy,  or  drive  away  the  enemy's  observation  machines 
as  the  case  might  be.  In  the  form  which  the  belliger- 
ents finally  adopted  as  most  advantageous  the  fighting 
airplanes  were  mainly  biplanes  equipped  with  powerful 
motors  seldom  of  less  than  140  horse-power,  and  carry- 
ing often  but  one  man  who  is  not  merely  the  pilot,  but 
the  operator  of  the  machine  gun  with  which  each  was 
equipped.  Still  planes  carrying  two  men,  and  even 
three  of  whom  one  was  the  pilot,  the  other  two  the 
operators  of  the  machine  guns  were  widely  adopted. 
They  had  indeed  their  disadvantages.  They  were 
slower  to  rise  and  clumsier  in  the  turns.  The  added 
weight  of  the  two  gunmen  cut  down  the  amount  of 
fuel  that  could  be  carried  and  limited  the  radius  of 
action.  But  one  curious  disadvantage  which  would 
not  at  first  suggest  itself  to  the  lay  mind  was  the  fact 
that  the  roar  of  the  propeller  was  so  great  that  no 
possible  communication  could  pass  between  the  pilot 
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lilt!  En^nb  tora  Obr  ^VSnen  5wiiii8, 
alumTntEm  and  sCeel  amd  mxtilj  Eafe  mi  tfue  w< 
desigTKd  to  cany  twa  avotoi:^  Tins  nnarihrne  imEke 
most  o(  the  ocher^  has  the  pcopdller  at  the  stem, 
caRed  a  "paaher"  in  contradEstinctioa  to  tbe  "tiactar," 
acting;  as  the  screw  of  a  ship  and  arosdins  the  inter- 
ference vtth  the  rifie  fire  windi  the  pollmg,  or  tiactor 
propeller  moonted  before  the  pilot  to  a  certain  d^iee 
presents.  The  Ytdcers  machine  is  H^tly  aimoured. 
The  EngBsh  also  use  what  was  known  as  the  "  D.  H.  5." 
a  machine  c^rying  a  motor  of  very  hi^  bmse-power, 
while  the  Sopwitb  and  Bristol  biplane  were  popular  as 
fighting  craft. 

The  French  pinned  their  faith  mainly  to  the  Parman. 
the  Caudron,  the  Voian,  and  the  Moraine-Saulmer 


machines.  The  Bleriot  and  the  Nieuport,  which  were 
for  some  reason  ruled  out  at  the  begimiing  of  the  war, 
were  afterwards  re-adopted  and  employed  in  great 
numbers. 

It  would  be  gratifying  to  an  American  author  to 
be  able  to  describe,  or  at  least  to  mention,  the  favourite 
machine  of  the  American  aviators  who  flocked  to 
France  immediately  upon  the  declaration  of  war, 
but  the  mortifying  fact  is  that  having  no  airplanes  of 
our  own,  our  gallant  volunteer  soldiers  of  the  air  had 
to  be  equipped  throughout  by  the  French  with  machines 
of  their  favourite  types.  After  we  entered  the  war 
we  adopted  a  'plane  of  American  design  to  which  was 
given  the  name  "  Liberty  plane." 

It  may  be  worth  while  to  revert  for  a  moment  to  the  . 
distinction  drawn  in  a  preceding  paragraph  between 
the  pusher  propeller  and  the  tractor  which  revolved  in 
front  of  the  aviator  and  of  his  machine  gun.  It  would 
seem  almost  incredible  that  two  heavy  blades  of  hard 
wood  revolving  at  a  speed  not  less  that  twelve  hundred 
times  a  minute,  a  speed  so  rapid  that  their  passage  in 
front  of  the  eyes  of  the  aviator  interfered  in  no  way  with 
his  vision,  should  not  have  blocked  a  stream  of  bullets 
falling  from  a  gun  at  the  rate  of  more  than  six  hundred  a 
minute.  Nevertheless  it  was  claimed  during  the  earlier 
days  of  the  war  that  these  bullets  were  not  appreciably 
diverted  by  the  whirling  propellers  nor  were  the  latter 
apparently  injured  by  the  missiles.  The  latter  asser- 
tion, however,  must  have  been  to  some  extent  disproved 
because  it  came  about  that  the  propellers  of  the  later 
machines  were  rimmed  with  a  thin  coating  of  steel  lest 
the  blades  be  cut  by  the  bullets.  But  the  amazing 
ability  of  modem  science  to  cope  with  what  seemed  to 
be  an  insoluble  problem  was  demonstrated  by  the 
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inveation  ai  a  dcvios  S^xt  oacl  ooaspnctenoaif^tD  tw 
carried  is  aa  aof^aoBt  iriadi  ofviiBd  ta  tte^  *— '*^"* 
goa  and  timed  in  arcinnitiioce  «i^  da^zsvolKtia^  of 
Ok  pippdler  ao  sfmiuommd  the  sbota  «■&  tj«» 
icrohttioo*  that  thertwm  at  lead  p— AbetiPM 
irimfiagUadetiivraraaoeirnkmg.     The  machine  was  ] 
entar^  aatataatic,  nqnniag  no  attention  oa  the  part 
at  the  oper^or  aft«~  die  gjin  was  once  started  on  i 
dSmitart^    Hub  device  ikbs  originally  used  by  tba  i 
Gennans  irbD  appGed.it  to  their  Fokker  machines.    It 
Utas  daaeaed  for  it  that  by  doing  away  with  the  wascage  | 
eaosed  by  the  divenian  d  the  course  of  bullets,  which  i 
stmdk  the  revotving  {sop^ers,  it  actually  saved  for 
effective  nae  about  thirty  per  cent,  of  the  ammunitioa  i 
CBqiioyed.    A*  the  amtinnt  of  ammunition  which  can:  | 
^be  canied  fay  an  aiiplaiie  is  rigidly  Umited  this  gave  tO'  1 
the  appfiaace  a  poBttiTe  vi^e. 

ReCemicehas  been  made  to  the  extraordinary  inmii>  | 
^ty  at  flying  atrtdaaes  to  the  attacks  of  anti-aircraft  I 
gtms.  The  number  oi  wounds  they  could  sustaia:  * 
without  being  brought  to  earth  was  amazing.  Grahame- 
White  tells  of  a  comparison  made  in  one  of  the  air- 
dromes of  the  wounds  sustained  by  the  machines  after 
a  day's  hard  scouting  and  fighting.  One  was  found  to 
have  been  hit  no  less  than  thirty-seven  times.  Curi- 
ously enough  the  man  who  navigated  it  escaped  un- 
scathed. Wounds  in  the  wings  are  harmless.  But 
the  puncture  of  the  fuel  tank  almost  certainly  means 
an  explosion  and  the  death  of  the  aviator  in  the  flame 
thousands  of  feet  in  the  air.  During  an  air  battle 
before  Arras,  a  British  aviator  encountered  this  iate. 
When  his  tank  was  struck  and  the  fusillage,  or  body, 
of  his  machine  burst  into  flames,  he  knew  that  he  was 
lost.     By  no  possibility  could  he  reach  the  ground 


\ 


I30  Aircraft  and  Submarines 

moving  airplane  upon  a  target  is  no  easy  task.  It 
never  tails  direct  but  partakes  of  the  motion  of  the 
rjlane.  It  is  estimated  that  for  every  thousand  feet 
of  elevation  a  bomb  will  advance  four  htmdred  feet 
in  the  direction  tliat  the  aircraft  is  moving,  provided 
its  speed  is  not  in  excess  of  sixty  miles  an  hour.  As  a 
result  marksmanship  at  a  height  of  more  than  five 
ihousand  feet  is  practically  impossible. 

In  the  main  this  situation  is  met,  as  all  situations  in 
war  in  which  efficiency  can  only  be  attained  at  the 
expense  of  great  personal  danger  are  met,  namely, 
by  braving  the  danger.  When  the  aviators  have  an. 
attack  in  contemplation  they  fly  low  and  snap  their 
lingers  at  the  putt  balls  of  death  as  the  shrapnel  front 
their  ^ippearance  when  bursting  may  well  be  called. 
.Vaturally,  efforts  were  made  early  in  the  war  to  lessen 
■he  danger  by  armotuing  the  body  of  the  macfaine 
.nfficiently  to  protect  the  aviator  and  his  engine — for 
if  the  aviator  escaped  a  shot  which  found  the  engine, 
hk  nliiyht  wotiJd  be  almost  as  bad  as  if  the  missile  had 
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shift.  At  the  higher  altitudes  it  was  unnecessary  and 
in  conflict  with  other  airplanes  it  proved  worthless, 
because  in  a  battle  in  the  air  the  shots  of  the  enemy  are 
more  likely  to  come  from  above  or  at  least  from  levels 
in  the  same  plane.  The  armoured  airplane  was  quickly 
fotmd  to  have  less  chance  of  mounting  above  its 
enemy,  because  of  the  weight  it  carried,  and  before  long 
the  principle  of  protecting  an  airplane  as  a  battleship 
IS  protected  was  abandoned,  except  in  the  case  of  the 
heavier  machines  intended  to  operate  as  scouts  or 
gtddes  to  artillery,  holding  their  flights  near  the  earth 
and  protected  from  attack  from  above  by  their  attend- 
ant fleet  of  swift  fighting  machines.  Of  these  the 
Vickers  machine  used  mainly  by  the  British  is  a  com- 
mon type.  It  is  built  throughout  of  steel  and  aliuni- 
num,  and  the  entire  fusillage  is  clothed  with  steel 
plating  which  asstires  protection  to  the  two  occupants 
from  either  upward  or  lateral  fire.  The  sides  of  the 
body  are  carried  up  so  that  only  the  heads  of  the  avia- 
tors are  visible.  But  to  accomplish  this  meastire  of 
protection  for  the  pilot  and  the  gxmner  who  operates 
the  machine  gim  from  a  seat  forward  of  the  pilot,  the 
weight  of  the  craft  is  so  greatly  increased  that  it  is 
but  little  esteemed  for  any  save  the  most  sluggish 
manoeuvre. 

Indeed  just  as  aircraft,  as  a  factor  in  war,  have  come 
to  be  more  like  the  cavalry  in  the  army,  or  the  destroy- 
ers and  scout  cruisers  in  the  navy,  so  the  tendency  has 
been  to  discard  everything  in  their  design  that  might 
by  any  possibility  interfere  with  their  speed  and  their 
ability  to  turn  and  twist,  and  change  direction  and 
elevation  with  the  utmost  celerity  tmder  the  most  diffi- 
cult of  conditions.  It  is  possible  that  should  this  war 
run  into  the  indefinite  futtire  we  may  see  aircraft 
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built  on  ponderous  lines  and  heavUy  armoured,  and 
perfonning  in  the  air  some  of  the  fimctions  that  the 
British  "tanks"  have  discharged  on  the  battlefields. 
But  at  the  end  of  three  years  of  war,  and  at  the  moment 
when  aerial  hostilities  seemed  to  be  engaging  more 
fully  than  even  before  the  inventive  genius  of  the 
nations,  and  the  dash  and  skill  of  the  fighting  flyers, 
the  tendency  is  all  toward  the  light  and  swift  ma- 
chine. 

The  attitude  of  the  fighting  airmen  is  somevrtut 
reminiscent  of  tha.t  of  America's  greatest  sea-fighter. 
Admiral  Farragul.  jUways  opposed  to  ironclads,  the 
hero  of  Mobile  Bay  used  to  say  that  when  he  went  to 
sea  he  did  not  want  to  go  in  an  iron  coffin,  and  that 
when  a  shell  had  made  its  way  through  one  side  of  fais 
ship  he  didn't  want  any  obstacle  presented  to  impede 
its  passing  out  of  the  other  side. 

The  all  important  and  even  vital  necessity  for 
speed  also  detracted  much  from  the  value  of  airciaft 
in  offensive  operations.  It  was  found  early  that  you 
could  not  mount  on  a  flying  machine  guns  of  sofficaafc 
calibre  to  be  of  material  use  in  attacking  fiarttfiiif 
positions.  If  it  was  necessary  for  the  planes  to  pn»- 
ceed  any  material  distance  before  reaching  their  ob- 
jective, the  weight  of  the  necessary  fuel  woold  preclude 
the  carriage  of  heavy  artillery.  In  the  case  of  sea- 
planes which  might  be  carried  on  the  deck  of  a  battle- 
ship to  a  point  reasonably  contiguous  to  the  object  to 
be  attacked,  this  difficulty  was  not  so  serious.  This 
was  demonstrated  to  some  extent  by  the  British  raids 
on  the  German  naval  bases  of  Cuxhaven  and  Wilhehns- 
haven,  but  even  in  these  instances  it  was  bombs  dropped 
by  aviators,  not  gunfire  that  injured  the  enemy's  works. 
But  for  the  airplane  pn^ter  this  added  \reight  < 
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so  positive  a  handicap  as  to  practically  destroy  its 
usefulness  as  an  assailant  of  fortified  positions. 

The  heavier  weapons  of  offence  which  could  be  car- 
ried by  the  airplane  even  of  the  highest  development 
were  the  bombs.  These  once  landed  might  cause  the 
greatest  destruction,  but  the  diflSculty  of  depositing 
them  directly  upon  a  desired  target  was  not  to  be 
overcome.  The  dirigible  balloon  enjoyed  a  great 
advantage  over  the  airplane  in  this  respect,  for  it  was 
able  to  hover  over  the  spot  which  it  desired  to  hit  and 
to  discharge  its  bombs  in  a  direct  perpendicular  Une 
with  enough  initial  velocity  from  a  spring  gun  to  over- 
come largely  any  tendency  to  deviate  from  the  perpen- 
dicular. But  an  airplane  cannot  stop.  When  it 
stops  it  must  descend.  If  it  is  moving  at  the  moderate 
speed  of  sixty  miles  an  hour  when  it  drops  its  missile, 
the  bomb  itself  will  move  forward  at  the  rate  of  sixty 
miles  an  hour  until  gravity  has  overcome  the  initial 
forward  force.  Years  before  the  war  broke  out, 
tests  were  held  in  Germany  and  France  of  the  ability 
of  aviators  to  drop  a  missile  upon  a  target  marked  out 
upon  the  grotmd.  One  such  test  in  France  required 
the  dropping  of  bombs  from  a  height  of  2400  feet  upon 
a  target  170  feet  long  by  40  broad — or  about  the  dimen- 
sions of  a  small  and  rather  stubby  ship.  The  results 
were  imiformly  disappointing.  The  most  creditable 
record  was  made  by  an  American  aviator,  Lieutenant 
Scott,  formerly  of  the  United  States  Army.  His  first 
three  shots  missed  altogether,  but  thereafter  he  landed 
eight  within  the  limits.  In  Germany  the  same  year 
the  test  was  to  drop  bombs  upon  two  targets,  one  re- 
sembling a  captive  Zeppelin,  the  other  a  military  camp 
330  feet  square.  The  altitude  limit  was  set  at  660 
feet.    This,  though  a  comparatively  easy  test,  was 


vtrtooltr  ft  fiBaffft     Ok^  two  cob 
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The  character  and  size  of  the  bombs  employed  by 
aircraft  naturally  differed  very  widely,  particularly  as 
to  size,  between  those  carried  by  dirigibles  and  those 
used  by  airplanes.  The  Zeppelin  shell  varied  in  weight 
between  two  hundred  and  two  hundred  and  fifty 
pounds.  It  was  about  forty-seven  inches  long  by 
eight  and  a  half  inches  in  diameter.  Its  charge  varied 
according  to  the  use  to  which  it  was  to  be  put.  If  it 
was  hoped  that  it  would  drop  in  a  crowded  spot  and 
inflict  the  greatest  amount  of  damage  to  human  life 
and  limb  it  would  carry  a  bursting  charge,  shrapnd, 
and  bits  of  iron,  all  of  which  on  the  impact  of  the  mis- 
sile upon  the  earth  would  be  hurled  in  every  direction 
to  a  radius  exceeding  forty  yards.  If  damage  to  build- 
ings, on  the  other  hand,  was  desired,  some  high  explo- 
sive such  as  picric  acid  would  be  used  which  would 
totally  wreck  any  moderate-sized  building  upon  which 
the  shell  might  fall.  In  many  instances,  particularly 
in  raids  upon  cities  such  as  London,  incendiary  shells 
were  used  charged  with  some  form  of  liquid  fire,  whidi 
rapidly  spread  the  conflagration,  and  which  itself  was 
practically  inextinguishable. 

Shells  or  bombs  of  these  varying  types  were  dropped 
from  airplanes  as  well  as  from  the  larger  and  steadira- 
Zeppehns.  The  difference  was  entirely  in  the  size.  It 
was  said  that  a  Zeppelin  might  drop  a  bomb  of  a  ton's 
weight.  But  so  far  as  attainable  records  are  concerned 
it  is  impossible  to  cite  any  instance  of  this  being  done. 
Tlie  effect  on  the  great  gas  bag  of  the  sudden  release  of 
a  load  so  great  would  certainly  cause  a  sudden  upward 
flight  which  might  be  so  quick  and  so  poveiful  as  to 
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affect  the  very  structure  of  the  ship.  So  far  as  known 
250  pounds  was  the  topmost  limit  of  Zeppelin  bombs, 
while  most  of  them  were  of  much  smaller  dimensions. 
The  airplane  bombs  were  seldom  more  than  sixty 
pounds  in  weight,  although  in  the  larger  British 
machines  a  record  of  ninety-five  pounds  has  been  at- 
tained. The  most  common  form  of  bomb  used  in  the 
heavier-than-air  machines  was  pear-shaped,  with  a 
whirling  tail  to  keep  the  missile  upright  as  it  falls. 
Steel  balls  within,  a  little  larger  than  ordinary  shrap- 
nel, are  held  in  place  by  a  device  which  releases  them 
dtiring  the  fall.  On  striking  the  ground  they  fall  on 
the  explosive  charge  within  and  the  shell  bursts,  scat- 
tering the  two  or  three  hundred  steel  bullets  which  it 
carries  over  a  wide  radius.  Bombs  of  this  character 
weigh  in  the  neighbourhood  of  six  pounds  and  an  ordi- 
nary airplane  can  carry  a  very  considerable  number. 
Their  exploding  device  is  very  delicate  so  that  it  will 
operate  upon  impact  with  water,  very  soft  earth,  or 
even  the  covering  of  an  airship.  Other  bombs  com- 
monly used  in  airplanes  were  shaped  like  darts,  winged 
like  an  arrow  so  that  they  would  fall  perpendicularly 
and  explode  by  a  pusher  at  the  point  which  was  driven 
into  the  body  of  the  bomb  upon  its  impact  with  any 
hard  substance. 

It  seems  curious  to  read  of  the  devices  sometimes 
quite  complicated  and  at  all  times  the  result  of  the 
greatest  care  and  thought,  used  for  dropping  these 
bombs.  In  the  trenches  men  pitched  explosive  mis- 
siles about  with  little  more  care  than  if  they  had  been 
so  many  baseballs,  but  only  seldom  was  a  bomb  from 
aloft  actually  delivered  by  hand.  In  the  case  of  the 
heavier  bombs  used  by  the  dirigibles  this  is  tmder- 
standable.    They  could  not  be  handled  by  a  single  man 
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without  the  aid  of  mechaniail  < 
dropped  fnxn  a  cracDe  irindi  is  tStedmto  a  vertiEii 
pontioa  aftcx  the  abdl  has  been  inKftcd.  OliHfsm 
fired  from  a  tt^  not  tafike  the  torpedo  t«be  of  a  Htriv 
nuxine,  bat  iriudi  inqiarts  ooly  idght  mitiaj  veJocit? 
to  the  miMile.  Its  dticf  Sane  m  derived  £rom  gravity, 
and  to  be  anared  of  its  eapiorioc  the  aviator  must 
diadiarge  it  from  a  bd^it  praportiotiate  to  its  size. 

la  the  airplBiie  the  onator's  methods  are  more  simple. 
Soakettmes  the  bombs  ate  canied  in  a  rack  beneath 
the  body  al  the  madiine,  and  released  by  means  of  a 
lever  at  the  nde.  A  more  primitive  method  often  in 
uae  is  txumfy  to  attadi  the  bomb  to  a  string  and  lower 
it  to  a  point  at  iritich  the  sviatec  is  certain  that  in 
fiUHiv  it  win  not  touch  any  part  of  the  craft,  and  then  i 
cut  the  strii^  Half  a  doom  devices  by  which  the  | 
aviator  can  bold  the  bomb  at  azm'i  length  and  drop  it 
with  the  oertatnty  o£  a  perpendicular  fall  are  in  use  in 
the  Afferent  air  navies.  It  will  be  evident  to  the  most 
casual  consideration  that  with  any  one  of  these  devicea 
employed  by  an  aviator  in  a  machine  going  at  a  speed 
of  sixty  miles  an  horn-  or  more  the  matter  of  hitting 
the  target  is  one  in  which  luck  has  a  very  great  share. 

There  is  good  reason  for  the  pains  taken  by  the  avia- 
tors to  see  that  their  bombs  fall  swift  and  true,  and 
clear  of  all  the  outlying  parts  of  their  machines.  The 
grenadier  in  the  trenches  has  a  clear  field  for  his  explo- 
sive missile  and  he  may  toss  it  about  with  what  ap- 
pears to  be  desperate  carelessness— though  instances 
have  been  known  in  which  a  bomb  thrower,  throwing 
back  his  arm  preparatory  to  launching  his  canned 
volcano,  has  struck  the  back  of  his  own  trench  with 
disastrous  results.  But  the  aviator  must  be  even 
more  careful.      His  bombs  must  not  hit  any  of  the 
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wires  below  his  machine  in  falling — else  there  will  be 
a  dire  fall  for  him.  And  above  all  they  must  not  get 
entangled  in  stays  or  braces.  In  such  case  landing 
will  bring  a  most  unpleasant  surprise. 

A  striking  case  was  that  of  a  bomber  who  had  been  out 
over  the  German  trenches.  He  had  a  two-man  machine, 
had  made  a  successful  flight  and  had  dropped,  eflEectively 
as  he  supposed,  all  his  bombs.  Returning  in  serene  con- 
sciousness of  a  day's  duty  well  done,  he  was  about  to 
spiral  down  to  the  landing  place  when  his  passenger 
looked  over  the  side  of  the  car  to  see  if  everything  was 
in  good  order.  Emphatically  it  was  not.  To  his  hor- 
ror he  discovered  that  two  of  the  bombs  had  not  fallen, 
but  had  caught  in  the  running  gear  of  his  machine. 
To  attempt  a  landing  with  the  bombs  in  this  position 
would  have  been  suicidal.  The  bombs  would  have 
instantly  exploded,  and  annihilated  both  machine  and 
aviators.  But  to  get  out  of  the  car,  climb  down  on  the 
wires,  and  try  to  unhook  the  bombs  seemed  more  desper- 
ate still.  Stabilizers,  and  other  devices,  now  in  com- 
mon use,  had  not  then  been  invented  and  to  go  out  on 
the  wing  of  a  biplane,  or  to  disttirb  its  delicate  balance, 
was  tmheard  of.  Nevertheless  it  was  a  moment  for 
desperate  remedies.  The  pilot  climg  to  his  controls, 
and  sought  to  meet  the  shifting  strains,  while  the 
passenger  climbed  out  on  the  wing  and  then  upon  the 
nmning  gear.  To  trust  yourself  two  thousand  feet 
in  midair  with  yotir  feet  on  one  piano  wire,  and  one 
hand  clutching  another,  while  with  the  other  hand  you 
grope  blindly  for  a  bomb  charged  with  high  explosive, 
is  an  experience  for  which  few  men  would  yearn.  But 
in  this  case  it  was  successful.  The  bombs  fell — ^nobody 
cared  where — ^and  the  two  imperilled  aviators  came 
to  ground  safely. 
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flecfaette.    Time  ue  Mttd  darti  a  little  larger  than  a 
beavy  lead  pencil  and  with  the  vppei  two  thirds  of 
tiie  Item  deej^  grooved  ao  that  the  £reater  weight  of 
tibe  lower  part  will  cxtue  them  to  fall  perpendicularly. 
These  are  naed  in  attadcs  tqun  dense  bodies  of  troops.  I 
ParticalaTly  have  they  proved  effective  in  assailing  | 
cavalry,  for  the  nature  of  the  wounds  they  produce  I 
invariabfy  maddenfl  the  hoTBea  iibo  suffer  from  them  I 
and  catues  confuaon  that  will  c€ten  bring  grave  dis- 1 
aster  to  a  tnuuport  or  artillery  train.    Though  very  J 
light,  these  arrows  when  dropped  from  any  consider- 
able height  inflict  most  extraordinary  wounds.     They  ] 
have  been  known  to  penetrate  a  solar's  steel  helmet, 
to  pass  throng  his  body  and  that  of  the  horse  he  J 
bestrode,  and  bury  themsdves  in  the  earth.    In  the  J 
airplane  tiiey  are  carried  in  bases  at  one  himdied  eadi, 
placed  over  an  orifice  in  the  floor.    A  toadh  d  the 
aviator's  foot  and  all  are  discharged.    The  speed  of 
the  machine  causes  them  to  fall  at  first  in  a  somewhat 
confused  fashion,  with  the  result  that  before  all  have 
finally  assumed  their  perpendicular  position  they  have 
been  scattered  over  a  very  considerable  extent  of  air. 
Once  fairly  pointed  downward  they  fall  with  unerring 
directness  points  downward  to  their  mark. 

It  is  a  curious  fact  that  not  long  after  these  arrows 
first  made  their  appearance  in  the  French  machines, 
they  were  imitated  by  the  Germans,  but  the  German 
darts  had  stamped  upon  them  the  words:  "Made  in 
Germany,  but  invented  by  the  French." 

One  of  the  duties  of  the  fighting  airmen  is  to  destroy  the 
observation  balloons  which  fioat  in  great  numbers  over 
both  the  lines  tugging  lazily  at  the  ropes  by  which  they 
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are  held  captive  while  the  observers  perched  in  their 
baskets  commtinicate  the  restilts  of  their  observations 
by  telephone  to  staff  ofiScers  at  a  considerable  distance. 
These  balloons  are  usually  anchored  far  enough  back 
of  their  own  lines  to  be  safe  from  the  ordinary  artillery 
fire  of  their  enemies.  They  were  therefore  fair  game 
for  the  mosquitoes  of  the  air.  But  they  were  not 
readily  destroyed  by  such  artillery  as  could  be  moimted 
on  an  ordinary  airplane.  Bullets  from  the  machine- 
guns  were  too  small  to  make  any  rents  in  the  envelope 
that  would  affect  its  stability.  Even  if  incendiary 
they  cotild  not  carry  a  sufl&ciently  heavy  charge  to 
affect  so  large  a  body.  The  skin  of  the  ''sausages," 
as  the  balloons  were  conmionly  called  from  their  shape, 
was  too  soft  to  offer  sufficient  resistance  to  explode  a 
shell  of  any  size.  The  war  was  pretty  well  under  way 
before  the  precise  weapon  needed  for  their  destruction 
was  discovered.  This  proved  to  be  a  large  rocket 
of  which  eight  were  carried  on  an  airplane,  four  on  each 
side.  They  were  discharged  by  powerful  springs  and 
a  mechanism  started  which  ignited  them  as  soon  as  they 
had  left  the  airplane  behind.  The  head  of  each  rocket 
was  of  pointed  steel,  very  sharp  and  heavy  enough  to 
pierce  the  balloon  skin.  Winslow  was  fortimate  enough 
to  be  present  when  the  first  test  of  this  weapon  was 
made.  In  his  book.  With  the  French  Flying  Corps^ 
he  thus  tells  the  story : 

Swinging  lazily  above  the  field  was  a  captive  balloon. 
At  one  end  of  Le  Bourget  was  a  line  of  waiting  airplanes. 
"This  is  the  second;  they  have  already  brought  down 
one  balloon,"  remarked  the  man  at  my  elbow.  The  hum 
of  a  motor  caused  me  to  look  up.  A  wide-winged  double 
motor,  Caudron,  had  left  the  ground  and  was   mounting 
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jnraoefully  above  us.  Up  and  up  it  went,  describing  a  great 
drrr'e..  yntil  it  faced  the  balloon.  Everyone  caught  his 
broarh.  The  Caudron  was  nashing  straight  at  the  balkxuu 
di'Hr.7  for  the  attack. 

'Now!"  cried  the  crowd.  There  was  a  loud  crack,  a 
flash .  and  cic^ht  lon?^  rr>ckets  darted  forth  leaving  behind  a 
fierj*  trail.  The  a\-iator's  aim  however  was  wide,  and  to 
the  di<^appointment  of  everyone  the  darts  fell  harmiessly 
to  the  ^rmmd. 

Another  motor  roared  far  down  the  field,  and  a  tiny 
appareil  de  rhn^^^  shot  upward  like  a  swallow.  "A  Xieu- 
port."  shouted  the  crowd  as  one  voice.  Eager  to  atone  for 
his  ropain*';  failure,  and  impatient  at  his  delay  in  getting 
out  of  the  way,  the  tiny  biplane  toss;ed  and  tumbled  about 
in  the  air  like  a  clown  in  the  circus  ring. 

'Look!  he's  !oopin<^!  he  falls!  he  slips!  no,  he  rights 
ajsjain!*'  cried  a  hundred  voices  as  the  Rktlf"!  pilot  kept 
our  ncr/es  on  edge. 

Suddenly  he  darted  into  nosition  and  for  a  second  hovered 
unccrt^ain.  Then  with  a  dive  like  that  of  a  dragon-fly,  he 
pjshcd  down  to  the  at-tack,  Ae^ain  a  sheet  of  flame  and 
't    --^."•■'-  '  '     '-;?jrt'-      T"-.-^  ■  ■—..  •■•.'  '  .iiloon  sae^ed.     The 
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ciiutcs  from  a  Balloon  Struck 
by  Incendiary  Shells 
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Aviators  Fled 
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of  such  territory  as  comes  within  their  sphere  of  ob- 
servation. They  are  not  easy  to  destroy  by  artillery 
fire,  for  the  continual  swaying  of  the  balloon  before 
the  wind  perplexes  gunners  in  their  aim.  At  a  height 
of  six  himdred  feet,  a  normal  observation  post,  the 
horizon  is  nearly  thirty  miles  from  the  observer.  In 
flat  coimtries  like  Flanders,  or  at  sea  where  the  balloon 
may  be  sent  up  from  the  deck  of  a  ship,  this  gives  an 
outlook  of  the  greatest  advantage  to  the  army  or  fleet 
relying  upon  the  balloon  for  its  observations  of  the 
enemy's  dispositions. 

Most  of  the  British  and  French  observation  balloons 
have  been  of  the  old-fashioned  spherical  form  which 
oflBcers  in  those  services  find  sufl&ciently  eflfective.  The 
Germans,  however,  claimed  that  a  balloon  might  be 
devised  which  would  not  be  so  very  imstable  in  gusty 
weather.  Out  of  this  belief  grew  the  Parseval-Siegfeld 
balloon  which  from  its  form  took  the  name  of  the 
Sausage.  In  fact  its  appearance  far  from  being  terri- 
fying suggests  not  only  that  particular  edible,  but  a 
large  dill  pickle  floating  awkwardly  in  the  air.  In 
order  to  keep  the  balloon  always  pointed  into  the  teeth 
of  the  wind  there  is  attached  to  one  end  of  it  a  large 
surrotmding  bag  hanging  from  the  lower  half  of  the 
main  envelope.  One  end  of  this,  the  end  facing  for- 
ward, is  left  open  and  into  this  the  wind  blows,  steady- 
ing the  whole  structure  after  the  fashion  of  the  tail  of 
a  kite.  The  effect  is  somewhat  grotesque  as  anyone 
who  has  studied  the  numerous  pictures  of  balloons  of 
this  type  employed  diuing  the  war  must  have  observed. 
It  looks  not  unlike  some  form  of  ttmior  growing  from 
a  healthy  structure. 

Captive  or  kite  balloons  are  especially  effective  as 
coast  guards.    Posted  fifty  miles  apart  along  a  threat- 
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England,  killing  more  than  seven  htindred  persons  and 
injuring  nearly  twice  as  many.  The  amotmt  of  damage 
to  property  has  never  been  reported  nor  is  it  possible 
to  estimate  the  extent  of  injury  inflicted  upon  works  of 
a  military  character.  The  extreme  secrecy  with  which 
Great  Britain,  in  conmion  with  the  other  belligerents, 
has  enveloped  operations  of  this  character  makes  it 
impossible  at  this  early  day  to  estimate  the  military 
value  of  these  exploits.  Merely  to  inflict  anguish  and 
death  upon  a  great  number  of  civilians,  and  those 
largely  women  and  children,  is  obviously  of  no  military 
service.  But  if  such  suffering  is  inflicted  in  the  course 
of  an  attack  which  promises  the  destruction  or  even 
the  crippling  of  works  of  military  character  like  arse- 
nals, mtmition  plants,  or  naval  stores,  it  must  be 
accepted  as  an  incident  of  legitimate  warfare.  The 
limited  information  obtainable  in  wartime  seems  to 
indicate  that  the  German  raids  had  no  legitimate  ob- 
jective in  view  but  were  undertaken  for  the  mere 
purpose  of  frightfulness. 

The  methods  of  defence  employed  in  Great  Britain, 
where  all  attacks  must  come  from  the  sea,  were  mainly 
naval.  What  might  be  called  the  outer,  or  flying, 
defences  consisted  of  fast  armed  fighting  seaplanes  and 
dirigibles.  Stationed  on  the  coast  and  ready  on  the 
receipt  of  a  wireless  warning  from  scouts,  either  atrial 
or  naval,  that  an  enemy  air  flotilla  was  approaching 
the  coast,  they  could  at  once  fly  forth  and  give  it  battle. 
A  thorough  defence  of  the  British  territory  demanded 
that  the  enemy  should  be  driven  back  before  reaching 
the  land.  Once  over  British  territory  the  projectiles 
discharged  whether  by  friend  or  foe  did  equal  harm  to 
the  people  on  the  groimd  below.  Accordingly  every 
endeavour  was  made  to  meet  and  beat  the  raiders  before 
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relied  upon  to  put  a  flyer  hors  du  combat.  The  method 
adopted  is  to  have  large  batteries  which  fairly  fill  that 
portion  of  the  air  through  which  the  adventurous  air- 
man is  making  his  way  with  shells  fired  rather  at  the 
section  than  at  the  swiftly  moving  target. 

"Archibald,"  the  British  airmen  call,  for  some 
mysterious  reason,  the  anti-aircraft  gtms  employed  by 
their  enemies,  sometimes  referring  to  a  big  howitzer 
which  made  its  appearance  late  in  the  war  as  "Cuth- 
bert."  The  names  sound  a  little  eflfeminate,  redolent 
somehow  of  high  teas  and  the  dancing  floor,  rather  than 
the  field  of  battle.  Perhaps  this  was  why  the  British 
soldiers  adopted  them  as  an  expression  of  contempt 
for  the  enemy's  batteries.  But  contempt  was  hardly 
justifiable  in  face  of  the  difficulty  of  the  problem.  A 
gun  firing  a  twenty-pound  shrapnel  shell  is  not  pointed 
on  an  object  with  the  celerity  with  which  a  practised 
revolver  shot  can  throw  his  weapon  into  position. 
The  gtmner  on  the  ground  seeing  an  airplane  fljdng 
five  thousand  feet  above  him — ^almost  a  mile  up  in  the 
air — dhurries  to  get  his  piece  into  position  for  a  shot. 
But  while  he  is  aiming  the  flyer,  if  a  high-speed  machine, 
will  be  changing  its  position  at  a  rate  of  perhaps  120 
miles  an  hour.  Nor  does  it  fly  straight  ahead.  The 
gtmner  cannot  point  his  weapon  some  distance  in 
advance  as  he  would  were  he  a  sportsman  intent  on 
cutting  off  a  flight  of  wild  geese.  The  aviator  makes 
quick  turns — zigzags — employs  every  artifice  to  defeat 
the  aim  of  his  enemy  below.  Small  wonder  that  in 
the  majority  of  cases  they  have  been  successful.  The 
attitude  of  the  airmen  toward  the  "Archies"  is  one  of 
calm  contempt. 

The  German  mind  being  distinctly  scientific  invented 
early  in  the  war  a  method  of  fixing  the  range  and  posi- 

zo 


tkm  of  an  eoemy  airplane  whkii  woald  be  mosc  effective 
tf  the  tarpit  were  not  contmuaUy  in  erratic  moocsi. 
The  method  was  to  arrange  anu-oircraft  guns  in.  a 
t^Mn^B,  all  in  telephonic  consecxian  nrtii  3.  f^firtal 
absefver.  WBea  a  fiyw  enters  the  tenitncy  wliidi 
ttteat  gons  ore  guanfing,  the  gunner  ai  one  of  the 
apaxs  of  the  triangle  fires  a  sbeQ  which  gives  out  a. 
led  clood  01  smoke.  Perhaps  it  falls  short.  The 
oentral  observer  nates  the  resnlt  and.  ordra^  a.  fficnnd 
£tin  to  ore.  Instantly  a  goimer  at  another  apes, 
fires  again,  this  time  a  shell  giving  forth  black  s 
This  sbeO  discharged  with  the  warning  given  by  tb 
earlier  one  is  tilcely  to  come  n^uer  the  target,  but  i 
my  rate  marks  another  point  at  vdiich  it  has  1 
aliased.  Between  the  vso  a  third  gunner  i 
corrects  his  aim  by  the  results  of  the  first  two  a 
!H»  shell  gives  out  a  yellow  smoice.  The  observer  theiE  ' 
figures  from  the  positions  of  the  three  guns  the  Hnea 
of  n  triangular  cone  fit  the  apex  of  whidi  the  ta^et 
shr.'O,!  ■•-..       -■.,-!-.  —  iL-r.co  mns,  dften  enoiigh  fae| 

the  Germans  to  cling  to  the  system.  But  more  oftcs. 
the  shrewd  aviator  defeats  science  by  his  swift  and. 
eccentric  changes  of  his  line  of  flight. 

At  the  beginning  of  the  wbt  Germany  was  very  "mr-ti 
better  equipped  with  anti-aircraft  guns  than  any  of 
her  enemies.  This  was  due  to  the  remarlcable  fcvesigttt 
of  the  great  munition  makers,  Knipp  and  Ehihardt. 
who  began  experimenting  with  anti-aircraft  gmm 
before  the  aircraft  themselves  were  much  more  thaiL 
experiments.  The  problem  was  no  easy  one.  TI» 
gun  had  to  be  light,  mobile,  and  often  mounted  on,  ait 
automobile  so  as  to  be  swiftly  transferred  from  place 
to  place  in  pursuit  of  raiders.  It  was  vital  that  it 
i^hould  be  so  mounted  as  to  be  speedily  trained  to  ai^ 
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position  vertical  or  horizontal.  As  a  result  the  type 
determined  upon  was  mounted  on  a  pedestal  fixed  to 
the  chassis  of  an  automobile  or  to  the  deck  of  a  ship 
in  case  it  was  to  be  used  in  naval  warfare.  The  heaviest 
gtm  manufactured  in  Germany  was  of  4X-iiich  calibre, 
throwing  a  shell  of  forty  pounds  weight.  This  could 
be  motmted  directly  over  the  rear  axle  of  a  heavy  motor 
truck.  To  protect  the  structure  of  the  car  from  the 
shock  of  the  recoil  these  gims  are  of  coiu'se  equipped 
with  hydraulic  or  other  appliances  for  taking  it  up. 
They  are  manufactured  also  in  the  3-inch  size. 
Germany,  France,  and  England  vied  with  each  other 
in  devising  armored  motor  cars  equipped  with  gtms  of 
this  type — ^the  British  using  the  makes  of  Vickers  and 
Hotchkiss,  and  the  French  their  favourite  Creusot. 
The  trucks  are  always  armoured,  the  gtms  motmted  in 
turrets  so  that  the  effect  is  not  unlike  that  of  a  small 
battleship  dashing  madly  down  a  country  road  and 
firing  repeatedly  at  some  object  directly  overhead. 
But  the  record  has  not  shown  that  the  success  of  these 
picturesque  and  ponderous  engines  of  war  has  been 
great.  They  cannot  manoeuvre  with  enough  swif tnesss 
to  keep  up  with  the  gyrations  of  an  airplane.  They 
offer  as  good  a  target  for  a  bomb  from  above  as  the 
aircraft  does  to  their  shots  from  below.  Indeed  they 
so  thoroughly  demonstrated  their  inefficiency  that 
before  the  war  had  passed  its  third  year  they  were 
either  abandoned  or  their  guns  employed  only  when 
the  car  was  stationary.  Shots  fired  at  full  speed  were 
seldom  effective. 

The  real  measure  of  the  effectiveness  of  anti-aircraft 
guns  may  be  judged  by  the  comparative  immunity 
that  attended  the  aviators  engaged  on  the  two  early 
British  raids  on  Friedrichshaven,  the  seat  of  the  great 


14^  Aiicraft  and  Sabmannes 

^smt  bam  it  Cuxba.ven.     TBe  rhst  w«t  t 
^S^r  tfai^  "f— hin—      Frnnt   3ei&irc  in  T>>^m»|f_ 
>9PiBlnfS  tmnd  mm  ijuniucv'  sod.  dev  tor  lao  c 
jwm  fMMCfr  ciiuiiijcy .    Tbe    uijpiL   v 

fr«OOTd    by  1   jfis^    nMt.    SindL  : 

avTQ      nwii'huMfc   wsiS'  "*— i ,    IniTf it    hmvi^r 
ftnidw  a*  weS  as  wrA  tiie  Large  aumuuL  ai  io^  r 
WK^T  RV^  3-  fnipic  MUin.  oetLUe  :s  ccnnpleciDn.  ^ 
mimd  over  zgo  miies.    Nioc  acdy  at  tite  mntner.  ! 
■K  lOBoy  fbftffied  ^MnJfMi—  over  which.  'Jxy  ] 

^bty  imC  ttOTC  UtplUui  rhaiuihf*  tO  l1&  STC  oC  a 

jBewcr.    Tboc'  tbe  attsefc  ok  tiiesBt.  was  sn 
[Hcfi  omdCntBdL     On  cherOD&oitbegigniie 

•mn  anti  iMiL'iiift   goes    bosljr  disciBZQiig  : 

at   ■'■'•  ■-■-vi'-r---     ':   ■-    -'-  — -."i  ■—  -he  Brtdsh 
fearing  this  attaclc  the  Oecmaiis  had  "T^ilM  fRKt  t 
front  in  Flanders  their  best  marksoiezi.  for  at  that  ta 
the  comparative  worthlessness  of  the  Zeppelin  had  i 
be«n  demonstrated  and  the  proteccioa  of  ds  i 
was  regarded  as  a  prime  dnty  of  the  ainiy. 

The  invading  machines  flew  low  above  die  £ 
roofs.  The  adventurers  had  come  &r  cm,  m  « 
which  they  knew  would  awalcen  the  nlanost  e 
among  their  fellows  at  home  and  they  w 
to  so  perform  their  task  that  no  charge  o£  ] 
left  anything  undone  coald  possibly  lie. 
Briggs,  the  first  of  the  aviators  to  reach  the  gf****,  flew 
as  low  as  one  hundred  feet  above  the  tdo^  dm|nMi» 
his  bombs  with  deadly  accoracy.    Bnt  he  paid  for  1di 
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temerity  with  the  loss  of  his  machine  and  his  Uberty. 
A  bullet  pierced  his  petrol  tank  and  there  was  nothing 
for  him  to  do  save  to  glide  to  earth  and  surrender. 
The  two  aviators  who  accompanied  him  although  their 
machines  were  repeatedly  hit  were  nevertheless  able 
to  drop  all  their  bombs  and  to  fly  safely  back  to  Bel-> 
fort  whence  they  had  taken  their  departure  some  hours 
before.  The  measure  of  actual  damage  done  in  the 
raid  has  never  been  precisely  known.  Germany  al- 
ways denied  that  it  was  serious,  while  the  British  ascribe 
to  it  the  greatest  importance — a  clash  of  opinion  com- 
mon in  the  war  and  which  will  for  some  years  greatly 
perplex  the  student  of  its  history. 

The  second  raid,  that  upon  Cuxhaven,  was  made 
by  seaplanes  so  far  as  the  air  fighting  was  concerned, 
but  in  it  not  only  destroyers  but  submarines  also  took 
part.  It  presented  the  tmique  phenomenon  of  a 
battle  fought  at  once  above,  upon,  and  below  the  sur- 
face of  the  sea.  It  is  with  the  aerial  feature  of  the 
battle  alone  that  we  have  to  do. 

Christmas  morning,  191 5,  seven  seaplanes  were 
quietly  lowered  to  the  surface  of  the  water  of  the  North 
Sea  from  their  mother  ships  a  little  before  daybreak. 
The  spot  was  within  a  few  miles  of  Cuxhaven  and  the 
mouth  of  the  River  Elbe.  As  the  aircraft  rose  from 
the  surface  of  the  water  and  out  of  the  light  mist  that 
lay  upon  it,  they  could  see  in  the  harbour  which  they 
threatened,  a  small  group  of  German  warships.  Al- 
most at  the  same  moment  their  presence  was  detected. 
The  alarms  of  the  bugles  rang  out  from  the  hitherto 
quiet  craft  and  in  a  moment  with  the  smoke  pouring 
from  their  funnels  destroyers  and  torpedo  boats  moved 
out  to  meet  the  attack.  Two  Zeppelins  rose  high  in 
the  air  surrottnded  by  a  number  of  the  smaller  airplanes. 
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Mger  §ar  the  coofiict.     Tbe  latter  proceeded  at  ooce 
to  Ae  attack  upon  tbe  raiding  sir  fleet,  while  tbe  de- 
ttnytlt,  the  heavier  Zeppelins,  and  a  nomber  of  snb- 
manatt  sped  out  to  sea  to  attack  the  British  ships. 
Tbt  O&t,  which  grew  thicker,  tamed  the  combat  from 
•  tittUlt  into  a  mere  disorderty  raid,  but  oat  of  it  the  ■ 
s  emerged  unhurt.    All  made  their  way  safely  j 
a  the  fleet,  after  having  dropped  their  bombs  with  I 
e  of  damage  never  precisely  known.     The  weak- 
•  of  tbe  seaplane  is  that  oo  retumir^  to  its  parent  1 
}  it  cannot  usually  alight  upon  her  deck,  even  1 
ha  landing  platfonn  has  been  provided.     It  must, 
W  a  mle,  drop  to  the  surface  of  the  ocean,  and  if  this  | 
be  at  &U  rough  the  machine  very  speedily  goes  to  f 
This  was  the  case  with  four  of  the  seven  sea-  I 
I  which  took  part  in  the  raid  on  Cuxhaven.     AH  I 
■  delivered  their  pilots  safely  to  the  awaiting  1 
fleet  and  none  fell  a  victim  to  the  German  anti-aircraft  I 

In  May  of  191 7,  the  British  Royal  Naval  Air  Service 
tmdertook  the  mapping  of  the  coast  of  Belgium  north 
from  Nieuport,  the  most  northerly  seaport  held  by 
the  British,  to  the  southern  boundary  of  Holland. 
This  section  of  coast  was  held  by  the  Germans  and  in  it 
were  included  the  two  submarine  bases  of  Zeebrugge 
and  Ostend.  At  the  latter  point  the  long  line  of  Ger- 
man trenches  extending  to  the  boundary  of  Switzerland 
rested  its  right  flank  on  the  sea.  The  whole  coast  north 
of  that  was  lined  with  German  batteries,  snugly  con- 
cealed in  the  rolling  sand  dunes  and  masked  by  the 
waving  grasses  of  a  barren  coast.  From  British. ships 
thirty  miles  out  at  sea,  for  the  waters  there  are  shallow 
and  large  vessels  can  only  at  great  peril  approach  the 
shore,  the  seaplanes  were  launched.     Just  south  ai 
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Nieuport  a  land  base  was  established  as  a  rendezvous 
for  both  air-  and  seaplanes  when  their  day's  work  was 
done.  From  fleet  and  station  the  aerial  observers  took 
their  way  daily  to  the  enemy's  coast.  Every  mile  of 
it  was  photographed.  The  hidden  batteries  were 
detected  and  the  inexorable  record  of  their  presence 
imprinted  on  the  films.  The  work  in  progress  at  Ostend 
and  Zeebrugge,  the  active  construction  of  basins,  locks, 
and  quays,  the  progress  of  the  great  mole  building  at 
the  latter  port,  the  activities  of  submarines  and  de- 
stroyers within  the  harbour,  the  locations  of  guns  and 
the  positions  of  barracks  were  all  indelibly  set  down. 
These  films  developed  at  leisure  were  made  into  coher- 
ent wholes,  placed  in  projecting  machines,  and  dis- 
played like  moving  pictiu'es  in  the  ward  rooms  of  the 
ships  hovering  oflf  shore,  so  that  the  naval  forces  pre- 
paring for  the  assault  had  a  very  accurate  idea  of  the 
nature  of  the  defences  they  were  about  to  encotmter. 

This  was  not  done  of  course  without  considerable 
savage  fighting  in  midair.  The  Germans  had  no  idea 
of  allowing  their  defences  and  the  works  of  their  sub- 
marine bases  to  be  pictured  for  the  guidance  of  their 
foes.  Their  anti-aircraft  gtms  barked  from  dawn  to 
dark  whenever  a  British  plane  was  seen  within  range. 
Their  own  aerial  fighters  were  continually  busy,  and 
along  that  desolate  wave-washed  coast  many  a  lost 
lad  in  leather  clothing  and  goggles,  crumpled  up  in 
the  ruins  of  his  machine  after  a  fall  of  thousands  of 
feet,  lay  as  a  memorial  to  the  prowess  of  the  defenders 
of  the  coast  and  the  audacity  of  those  who  sought  to 
invade  it.  But  during  the  long  weeks  of  this  extended 
reconnaissance  hardly  a  spadeful  of  dirt  could  be 
moved,  a  square  yard  of  concrete  placed  in  position, 
or  a  submarine  or  torpedo  boat  manoeuvred  without 
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it8  record  being  entered  upon  the  detailed  charts 
the  British  were  so  painstakingly  preparing  against  the 
day  of  assault.  When  peace  shall  finally  pennit  the 
publication  of  the  records  of  the  war,  now  held  secret 
for  military  reasons,  such  maps  as  those  prepared  by 
the  British  air  service  on  the  Belgian  coast  will  prove 
most  convincing  evidence  of  the  military  value  of  the 
atrial  scouts. 

What  the  lads  engaged  in  making  these  records 
had  to  brave  in  the  way  of  physical  danger  is  strikingly 
shown  by  the  description  of  a  combat  included  in  one 
of  the  coldly  matter-of-fact  official  reports.  The  battle 
was  fought  at  about  twelve  thousand  feet  above  mother 
earth.  We  quote  the  official  description  accompanied 
by  some  explanatory  comments  added  by  one  who  was 
an  eye-witness  and  who  conversed  with  the  triumphant 
young  airman  on  his  return  to  the  safety  of  the  soil. 

"While  exposing  six  plates,"  says  the  ofScial  report  of  this 
youthful  recording  angel,  "  I  observed  five  H.  A.'s  cruising." 

"H.  A. "  stands  for  "hostile  aeroplane." 

"Not  having  seen  the  escort  since  returning  inland,  the 
pilot  prepared  to  return.  The  enemy  separated,  one  taking 
up  a  position  above  the  tail  and  one  ahead.  The  other 
three  glided  toward  us  on  the  port  side,  firing  as  they  came. 
The  two  diving  machines  fired  over  loo  rounds,  hitting  the 
pilot  in  the  shoulder." 

As  a  matter  of  fact,  the  bullet  entered  his  shoulder  from 
above,  behind,  breaking  his  left  collarbone,  and  emerged 
just  above  his  heart,  tearing  a  jagged  rent  down  his  breast. 
Both  his  feet,  furthermore,  were  pierced  by  bullets;  but 
the  observer  is  not  concerned  with  petty  detail. 

The  observer  held  his  fire  until  H.  A.,  diving  on  tail, 
was  within  five  yards. 

Here  it  might  be  mentioned  that  the  machines  were 
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hurtling  through  space  at  a  speed  in  the  region  of  one  hun- 
dred miles  an  hour. 

The  pilot  of  H.  A.,  having  swooped  to  within  speaking 
distance,  pushed  up  his  goggles,  and  laughed  triumphantly 
as  he  took  sight  for  the  shot  that  was  to  end  the  fight. 
But  the  observer  had  his  own  idea  how  the  fight  should 
end. 

"I  then  shot  one  tray  into  the  enemy  pilot's  face,"  he 
says,  with  curt  relish,  **and  watched  him  sideslip  and  go 
spinning  earthward  in  a  train  of  smoke," 

He  then  turned  his  attention  to  his  own  pilot.  The 
British  machine  was  barely  under  control,  but  as  the 
observer  rose  in  his  seat  to  investigate  the  foremost  gun 
was  fired,  and  the  aggressor  ahead  went  out  of  control  and 
dived  nose  first  in  helpless  spirals. 

Suspecting  that  his  mate  was  badly  wounded  in  spite 
of  this  achievement,  the  observer  swung  one  leg  over  the 
side  of  the  f usillage  and  climbed  on  to  the  wing — figure  for 
a  minute  the  air  pressure  on  his  body  during  this  gymnastic 
feat — until  he  was  beside  the  pilot,  faint  and  drenched  with 
blood,  who  had  nevertheless  got  his  machine  back  into  com- 
plete control. 

''Get  back,  you  ass!"  he  said  through  white  lips  in  re- 
sponse to  inquiries  how  he  felt.  So  the  ass  got  back  the 
way  he  came,  and  looked  around  for  the  remainder  of  the 
H.  A.'s.  These,  however,  appeared  to  have  lost  stomach 
for  further  fighting  and  fled. 

The  riddled  machine  returned  home  at  one  hundred  knots 
while  the  observer,  having  nothing  better  to  do,  continued 
to  take  photographs. 

"The  pilot,  though  wotmded,  made  a  perfect  landing" 
— ^thus  the  report  concludes. 

When  the  time  came  for  the  assault  upon  Zeebrugge 
the  value  of  these  painstaking  preparations  was  made 
evident.    The  attack  was  made  from  sea  and  air 
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alike.  Out  in  the  North  Sea  the  great  British  battle- 
ships steamed  in  as  near  the  coast  as  the  shallowness  of 
the  water  would  permit.  From  the  forward  deck  of 
each  rose  grandly  a  seaplane  mittl  the  air  was  darkened 
by  their  wings,  and  they  looked  like  a  monstrous  fiock 
of  the  goUs  which  passengers  on  ocean-going  hners 
watch  wheeling  and  soaring  around  the  ship  as  it 
ploughs  its  way  through  the  ocean.  These  gulls  though 
were  birds  of  prey.  They  were  planes  of  the  larger 
type,  biplanes  or  triplanes  carrying  two  men,  usually 
equipped  with  two  motors  and  heavily  laden  with  high 
explosive  bombs.  As  they  made  their  way  toward  the 
land  they  were  accompanied  by  a  fleet  of  light  draft  ' 
monitors  especially  built  for  this  service,  each  mounting 
two  heavy  guns  and  able  to  manceuvre  in  shallow 
water.  With  them  advanced  a  swarm  of  swift,  low- 
lying,  dark-painted  destroyers  ready  to  watch  out  for 
enemy  torpedo  boats  or  submarines.  They  mounted 
anti-aircraft  guns  too  and  were  prepared  to  defend  the 
monitors  against  assaults  from  the  heavens  above  as 
well  as  from  the  sinister  attack  of  the  underwater 
boats.  Up  from  the  land  base  at  Nieuport  came  a 
great  fleet  of  airplanes  to  co-operate  with  their  naval 
brethren.  Soon  upon  the  German  works,  sheltering 
squadrons  of  the  sinister  undersea  boats,  there  rained  a 
hell  of  exploding  projectiles  from  sea  and  sky.  Every 
gunner  had  absolute  knowledge  of  the  precise  position 
and  range  of  the  target  to  which  he  was  assigned.  The 
great  guns  of  the  monitors  roared  steadily  and  their 
twelve  and  fourteen-inch  projectiles  rent  in  pieces  the 
bomb  proofs  of  the  Germans,  driving  the  Boches  to 
cover  and  reducing  their  works  to  mere  heaps  of 
battered  concrete.  Back  and  forth  above  flew  sea- 
{danes  and  airplanes,  giving  battle  to  the  aircraft  whkb 
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the  Germans  sent  up  in  the  forlorn  hope  of  heading  oflf 
that  attack  and  dropping  their  bombs  on  points  carefully 
mapped  long  in  advance.  It  is  true  that  the  aim  of  the 
aviators  was  necessarily  inaccurate.  That  is  the  chief 
weakness  of  a  bombardment  from  the  sky.  But  what 
was  lacking  in  individual  accuracy  was  made  up  by 
the  numbers  of  the  bombing  craft.  One  might  miss  a 
lock  or  a  shelter,  but  twenty  concentrating  their  fire 
on  the  same  target  could  not  all  fail.  This  has  be- 
come the  accepted  principle  of  aerial  oflFensive  wai;- 
fare.  The  inaccuracy  of  the  individual  must  be 
corrected  by  the  multiplication  of  the  number  of  the 
assailants. 

The  attack  on  Zeebrugge  was  wholly  successful. 
Though  the  Germans  assiduously  strove  to  conceal 
the  damage  done,  the  later  observations  of  the  ruined 
port  by  British  airmen  left  no  doubt  that  as  a  submarine 
base  it  had  been  put  out  of  commission  for  months  to 
come.  The  success  of  the  attack  led  to  serious  discus- 
sion, in  which  a  determination  has  not  yet  been  reached, 
of  the  feasibility  of  a  similar  assault  upon  Heligoland, 
Kiel,  or  Cuxhaven,  the  three  great  naval  bases  in  which 
the  German  fleet  has  lurked  in  avoidance  of  battle  with 
the  British  fleet.  Many  able  naval  strategists  de- 
clared that  it  was  time  for  the  British  to  abandon  the 
policy  of  a  mere  blockade  and  carry  out  the  somewhat 
rash  promise  made  by  Winston  Churchill  when  First 
Lord  of  the  Admiralty,  to  "dig  the  rats  out  of  their 
holes."  Such  an  attack  it  was  urged  should  be  made 
mainly  from  the  air,  as  the  land  batteries  and  stmken 
mines  made  the  waters  adjacent  to  these  harbours 
almost  impassable  to  attacking  ships.  Rear-Admiral 
Fiske,  of  the  United  States  Navy,  strongly  urging  such 
an  attack,  wrote  in  an  open  letter: 
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The  German  Xaval  General  Staff  realizes  the  value 
of  concentration  of  power  and  mobility  in  as  large  muts 
as  possible.  The  torpedo  plane  embodies  a  greater  ooq* 
centration  of  power  and  mobility  tlian  does  any  other 
mechanism.  For  its  cost,  the  torpedo  plane  is  the  most 
powerful  and  mobile  weapon  which  exists  at  the  present 
day. 

An  attack  by  allied  torpedo  planes,  armed  with  gims  to 
defend  themselves  from  fighting  airplanes,  would  be  a 
powerful  menace  to  the  German  fleet  and,  if  made  in  suffi- 
cient numbers,  would  give  the  Allies  such  unrestricted 
command  of  the  North  Sea,  even  of  the  shallow  parts  near 
the  German  coast,  that  German  submarines  would  be 
prevented  from  coming  from  a  German  port,  the  submarine 
menace  abolished,  and  all  chance  of  German  success  wiped 
out. 

I  beg  also  to  point  out  that  an  inspection  of  the  map  of 
Europe  shows  that  in  the  air  raids  over  land  the  strat^ical 
advantage  lies  with  Germany,  because  her  most  important 
towns,  like  Berlin,  are  farther  inland  than  the  most  impor- 
tant towns  of  the  Allies,  like  London,  so  that  aeroplanes  of 
the  Allies,  in  order  to  reach  Berlin,  would  have  to  fly  over 
greater  distances,  while  exposed  to  the  fire  of  other  aero- 
planes, than  do  aeroplanes  of  the  Germans  in  going  to  Lon- 
don for  raids  on  naval  vessels. 

However,  the  strategical  advantage  over  water  lies  with 
the  British,  because  their  control  of  the  deep  parts  of  the 
North  Sea  enables  them  to  establish  a  temporary  aeronaut- 
ical base  of  mother  ships  sufficiently  close  to  the  German 
fleet  to  enable  the  British  to  launch  a  torpedo-plane  attack 
from  it  on  the  German  fleets  in  Kiel  and  Wilhelmshaven, 
while  the  Germans  could  not  possibly  establish  an  aero- 
nautical base  sufficiently  close  to  the  British  fleet. 

This  gives  the  Allies  the  greatest  advantage  of  the  offen- 
sive. It  would  seem  possible,  provided  a  distinct  effort 
is  made,  for  the  Allies  to  send  a  large  number  of  aeroplane 
mother  ships  to  a  point,  say,  fifty  miles  west  of  Heligoland, 
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and  for  a  large  force  of  fighting  aeroplanes  and  torpedo 
planes  to  start  from  this  place  about  two  hours  before 
dawn,  reach  Kiel  Bay  and  Wilhelmshaven  about  dawn, 
attack  the  German  fleets  there  and  sink  the  German  ships. 
The  distance  from  Heligoland  to  Kiel  is  about  ninety 
land  miles,  and  to  Wilhelmshaven  about  forty -five. 

The  torpedo  planes  referred  to  are  an  invention  of 
Admiral  Fiske's  which,  in  accordance  with  what  seems 
to  be  a  fixed  and  fatal  precedent  in  the  United  States, 
has  been  ignored  by  our  own  authorities  but  eagerly 
adopted  by  the  naval  services  of  practically  all  the 
belligerents.  One  weakness  of  the  aerial  attack  upon 
ships  of  war  is  that  the  bombs  dropped  from  the  air, 
even  if  they  strike  the  target,  strike  upon  the  protective 
deck  which  in  most  warships  above  the  gtmboat  class 
is  strong  enough  to  resist,  or  at  least  to  minimize,  the 
eflfect  of  any  bomb  capable  of  being  carried  by  an 
airplane.  The  real  vidnerable  part  of  a  ship  of  war  is 
the  thin  skin  of  its  hull  below  water  and  below  the 
armor  belt.  This  is  the  point  at  which  the  torpedo 
strikes.  Admiral  Fiske's  device  permits  an  airplane 
to  carry  two  torpedoes  of  the  regular  Whitehead  class 
and  to  launch  them  with  such  an  impetus  and  at  such 
an  angle  that  they  will  take  the  water  and  continue 
their  course  thereunder  exactly  as  though  launched 
from  a  naval  torpedo  tube.  His  idea  was  adopted  both 
by  Great  Britain  and  Germany.  British  torpedo 
planes  thus  equipped  sank  four  Turkish  ships  in  the 
Sea  of  Marmora,  a  field  of  action  which  no  British  ship 
could  have  reached  after  the  disastrous  failure  to  force 
the  Dardanelles,  The  Germans  by  employment  of 
the  same  device  sank  at  least  two  Russian  ships  in  the 
Baltic  and  one  British  vessel  in  the  North  Sea.     The 


CHAPTER  VIII 

INCIDENTS  OF  THE  WAR  IN  THE  AIR 

In  time,  no  doubt,  volumes  will  be  written  on  the 
work  of  the  airmen  in  the  Great  War.  Except  the 
submarine,  no  such  novel  and  effective  device  was 
introduced  into  the  conduct  of  this  colossal  struggle  as 
the  scouting  airplane.  The  development  of  the  ser- 
vice was  steady  from  the  first  day  when  the  Belgian 
flyers  proved  their  worth  at  Li6ge.  From  mere  ob- 
servation trips  there  sprang  up  the  air  duels,  from  the 
duels  developed  skirmishes,  and  from  these  in  time 
pitched  battles  in  which  several  himdred  machines 
would  be  engaged  on  each  side.  To  this  extent  of 
development  aerial  tactics  had  proceeded  by  mid- 
summer of  19 1 7.  Their  further  development  must 
be  left  to  some  future  chronicler  to  record.  It  must 
be  noted,  however,  that  at  that  early  day  the  Secre- 
tary of  the  Treasury  of  the  United  States,  pleading 
for  a  larger  measure  of  preparation  for  the  perils  of 
war,  asserted  that  the  time  was  not  far  distant  when 
this  country  would  have  to  prepare  to  repel  invading 
fleets  of  aircraft  from  European  shores.  This  may  have 
been  an  exaggeration.  At  that  moment  no  aircraft 
had  crossed  the  Atlantic  and  no  effort  to  make  the 
passage  had  been  made  save  those  of  Wellman  and 
Vammnan.    When  the  guns  began  to  roar  on  the  Bd- 
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linird  ty  poinling  the  michinc  and  Is  fired  by  the  pilot 
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hardly  realize  you  are  moving.  You  glance  at  the  clock 
to  note  the  time  of  your  departure,  and  at  the  oil  gauge  to 
see  its  throb.  The  altimeter  registers  650  feet.  You 
turn  and  look  back  at  the  field  below  and  see  others  leaving. 

In  three  minutes  you  are  at  about  four  thousand  feet. 
You  have  been  making  wide  circles  over  the  field  and  watch- 
ing the  other  machines.  At  forty-five  hundred  feet  you 
throttle  down  and  wait  on  that  level  for  your  companions 
to  catch  up.  Soon  the  escadrille  is  bunched  and  off  for 
the  lines.  You  being  climbing  again,  gulping  to  clear  your 
ears  in  the  changing  pressure.  Surveying  the  other 
machines,  you  recognize  the  pilot  of  each  by  the  marks 
on  its  side — or  by  the  way  he  flies. 

The  cotmtry  below  has  changed  into  a  flat  surface  of 
varicoloured  figures.  Woods  are  irregular  blocks  of  dark 
green,  like  daubs  of  ink  spilled  on  a  table;  fields  are  geo- 
metrical designs  of  different  shades  of  green  and  brown, 
forming  in  composite  an  ultra-cubist  painting;  roads  are 
thin  white  lines,  each  with  its  distinctive  windings  and 
crossings — from  which  you  determine  your  location.  The 
higher  you  are  the  easier  it  is  to  read. 

In  about  ten  minutes  you  see  the  Meuse  sparkling  in 
the  morning  light,  and  on  either  side  the  long  line  of 
sausage-shaped  observation  balloons  far  below  you.  Red- 
roofed  Verdtm  springs  into  view  just  beyond.  There  are 
spots  in  it  where  no  red  shows  and  you  know  what  has 
happened  there.  In  the  green  pasture  land  bordering  the 
town,  round  flecks  of  brown  indicate  the  shell  holes.  You 
cross  the  Meuse. 

Immediately  east  and  north  of  Verdun  there  lies  a  broad, 
brown  band.  From  the  Woevre  plain  it  nms  westward  to 
the  '*S"  bend  in  the  Meuse,  and  on  the  left  bank  of  that 
famous  stream  continues  on  into  the  Argonne  Forest. 
Peaceful  fields  and  farms  and  villages  adorned  that  land- 
scape a  few  months  ago — ^when  there  was  no  Battle  of 
Verdun.  Now  there  is  only  that  sinister  brown  belt,  a 
strip  of  mtirdered  Nature.    It  seems  to  belong  to  another 
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woiid.  Every  sign  of  huzzianity  has  beea  swept  away. 
The  woods  and  roads  have  vanished  like  chalk  wiped  from 
a  blackboard;  of  the  villages  nothing  remains  but  grey 
smears  where  stone  walls  have  tumbled  together.  The 
;^preat  forts  of  Douamont  and  Vauz  are  outlined  iaxatLy^ 
like  the  tracings  of  a  finger  in  wet  sand.  One  cannot  dis- 
tinguish any  one  shell  crater,  as  one  can  on  the  pock- 
marked fields  on  either  side.  On  the  brown  band  the  in- 
dentations are  so  closely  interlocked  that  they  blend  into 
a  confused  mass  of  troubled  earth.  Of  the  trenches  only 
broken,  half -obliterated  links  are  visible. 

Columns  of  muddy  smoke  spurt  up  continually  as  fai^ 
explosives  tear  deeper  into  this  ulcered  area.  Dixrxncf 
heavy  bombardment  and  attacks  I  have  seen  shells  falling 
like  rain.  The  countless  towers  of  smoke  remind  one  of 
Gustave  Dora's  picture  of  the  fiery  tombs  of  the  ardi- 
heretics  in  Dante's  "Hell."  A  smoky  pall  covers  the  sector 
under  fire,  rising  so  high  that  at  a  height  of  one  thnufand 
feet  one  is  enveloped  in  its  mist-like  fumes.  Now  and  then 
monster  projectiles  hurtling  through  the  air  close  by  leave 
one's  plane  rocking  violently  in  their  wake.  Airplanes 
have  V,en  cut  in  v.vo  bv  theni. 

rriOV.r  Ir'irlcr.in/  all  ".ther  ^.Gur/i5.  In  the  ^een  oatches 
'.jfthirA  ''.\fi  br-.-^-n  belt  rr.'Tiadi  -jf  ::nv  dashes  reil  Tvhere 
\he  /un^,  W't  hi.  I  den:  and  :h~.se  dashes,  and  the  smoke  of 
burain;^  .^.heil.s  ar-':  all  -^'o  ^ee  \i  the  di^htin;^.  It  is  a  weird 
combination  ot    -.ri'.'.nass  antl  havoc,  the  Verdun  conflict 

Far  bclo'-.v  ur^,  :he  obser'aricn  and  range-nnding  planes 
circle  over  the  trenches  like  jLidhii^  .■T-^^s.  At  a  feeble 
altitude  thev  :"oHo"r\'  the  attacking?  infanm-Tiien  and  fiash 
r>ack  -.vireless  reports  tf  the  eni^ai^ement.  Only  through 
thc-m  can  corrununicatitjn  be  maintained  when,  under  the 
loarricr  f.re,  -.vires  from  the  front  lines  are  cut.  Sometimes 
it  fall.;  to  our  lot  ^o  :^uard  these  machines  from  Germans 
eager  to  swoop  down  on  their  backs.     Sailing  about  high 
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above  a  busy  flock  of  them  makes  one  feel  like  an  old  mother 
hen  protecting  her  chicks. 

The  pilot  of  an  avion  de  chasse  must  not  concern  himself 
with  the  ground,  which  to  him  is  useful  only  for  learning 
his  whereabouts.  The  earth  is  all-important  to  the  men 
in  the  observation,  artillery-regulating,  and  bombardment 
machines,  but  the  fighting  aviator  has  an  entirely  different 
sphere.  His  domain  is  the  blue  heavens,  the  glistening 
rolls  of  clouds  below  the  fleecy  banks  towering  above  the 
vague  aerial  horizon,  and  he  must  watch  it  as  carefully  as 
a  navigator  watches  the  storm-tossed  sea. 

On  days  when  the  clouds  form  almost  a  solid  flooring, 
one  feels  very  much  at  sea,  and  wonders  if  one  is  in  the  navy 
instead  of  aviation.  The  diminutive  Nieuports  skirt  the 
white  expanse  like  torpedo  boats  in  an  arctic  sea,  and 
sometimes,  far  across  the  cloud-waves,  one  sights  an  enemy 
escadrille,  moving  as  a  fleet. 

Principally  our  work  consists  of  keeping  German  airmen 
away  from  our  lines,  and  in  attacking  them  when  opportu- 
nity  offers.  We  traverse  the  brown  band  and  enter 
enemy  territory  to  the  accompaniment  of  an  anti-aircraft 
cannonade.  Most  of  the  shots  are  wild,  however,  and 
we  pay  little  attention  to  them.  When  the  shrapnel  comes 
uncomfortably  close,  one  shifts  position  slightly  to  evade 
the  range.  One  glances  up  to  see  if  there  is  another  ma- 
chine higher  than  one's  own.  Low,  and  far  within  the 
German  lines,  are  several  enemy  planes,  a  dull  white 
in  appearance,  resembling  sandflies  against  the  mottled 
earth.  High  above  them  one  glimpses  the  mosquito-like 
forms  of  two  Fokkers.  Away  off  to  one  side  white  shrapnel 
puffs  are  vaguely  visible,  perhaps  directed  against  a  Ger- 
man crossing  the  lines.  We  approach  the  enemy  machines 
ahead,  only  to  find  them  slanting  at  a  rapid  rate  into  their 
own  country.  High  above  them  lurks  a  protection  plane. 
The  man  doing  the  "ceiling  work,"  as  it  is  called,  will  look 
after  him  for  us. 

Getting  started  is  the  hardest  part  of  an  attack.    Once 


gunner  croucbed  down  bchtod  his  weapon,  but  you  aim  at 
vrhcTC  the  pilot  oujjht  to  be — there  are  two  men  aboard  the 
Gciman  craft — and  press  on  the  release  hard.  Your  nu- 
Irailleutic  hammers  oat  a  stream  of  bullets  as  you  pass  over 
and  dive,  nose  down,  to  get  out  of  range.  Then,  hopefully, 
you  redress  and  look  back  at  the  foe.  He  ought  to  be 
rlrfjppinR  earthward  at  several  miles  a  minute.  As  a  matter 
of  fact,  however,  he  is  sailing  serenely  on.  They  have  an 
annoying  habit  of  doing  that,  these  Boches. 

Zeppelins  as  well  as  the  stationary  kite  balloons  and 
the  swiftly  flying  airplanes  often  tempted  the  fighting 
aviators  to  attack.  One  of  the  most  successful  of  the 
British  champions  of  the  air,  though  his  own  life  was 
ended  in  the  second  year  of  the  war,  was  sub-Lieuten- 
ant R.  A.  J.  Wameford,  of  the  British  Flying  Corps. 
In  his  brief  period  of  service  Wameford  won  more 
laurels  than  any  of  the  British  aviators  of  the  time. 
He  was  absolutely  fearless,  with  a  marvelous  control 
of  the  fast  Vickers  scout  which  he  employed,  and  fer- 
tile in  every  resource  of  the  chase  and  of  the  flight. 
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In  an  interview  widely  printed  at  the  time,  Lieutenant 
Wameford  thus  told  the  story  of  his  casual  meeting 
of  a  Gennan  Zeppelin  high  in  air  between  Ghent  and 
Brussels  and  his  prompt  and  systematic  destruction  of 
the  great  balloon.  The  story  as  told  in  his  own  lan- 
guage reads  like  the  recountal  of  an  everyday  event. 
That  to  meet  an  enemy  more  than  a  mile  above  the 
earth  and  demolish  him  was  anything  extraordinary 
does  not  seem  to  have  occurred  to  the  aviator. 

I  proceeded  on  my  journey  at  an  increased  height  [he 
says].  It  was  just  three  o'clock  in  the  morning  when  all 
of  a  sudden  I  perceived  on  the  horizon  about  midway  be- 
tw^n  Ghent  and  Brussels  a  Zeppelin  flying  fast  at  an  alti- 
tude of  about  six  thousand  feet.  I  immediately  flew  toward 
it  and  when  I  was  almost  over  the  monster  I  descended 
about  fifteen  metres,  and  flung  six  bombs  at  it.  The  sixth 
struck  the  envelope  of  the  ship  fair  and  square  in  the  middle. 
There  was  instantly  a  terrible  explosion.  The  displace- 
ment of  the  air  round  about  me  was  so  great  that  a  tornado 
seemed  to  have  been  produced.  My  machine  tossed  up- 
ward and  then  flung  absolutely  upside  down,  I  was  forced 
to  loop  the  loop  in  spite  of  myself.  I  thought  for  a  moment 
that  the  end  of  everything  had  come.  In  the  whirl  I  had 
the  pleasure  of  seeing  my  victim  falling  to  the  earth  in  a 
cloud  of  flames  and  smoke.  Then  by  some  miracle  my 
machine  righted  herself  and  I  came  to  earth  in  the  enemy's 
country.  I  was  not  long  on  the  ground  you  may  be  sure. 
I  speedily  put  myself  and  my  machine  into  working  order 
again;  then  I  set  my  engine  going. 

This  time  the  fortunate  aviator  returned  safely  to  his 
own  territory.  He  had  then  served  only  four  months, 
had  attained  the  age  of  twenty-three,  and  even  in 
so  brief  a  service  had  received  the  Cross  of  the  Legion 
of  Honour  from  France  and  the  Victoria  Cross  from  the 
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British.  Only  one  week  after  this  courageous  exploit 
he  was  killed  while  on  a  pleasure  flight  and  with  him 
a  young  American  journalist,  Henry  Beach  Needham, 
to  whom  he  was  showing  the  battlefield. 

During  the  early  years  of  the  war  all  of  the  govern- 
ments were  peculiarly  secretive  concerning  all  matters 
relative  to  their  aviation  services.  This  was  probably 
due  to  the  fact  that  the  flying  corps  was  a  brand  new 
branch  of  the  service.  No  nation  was  adequately 
equipped  with  flyers.  Each  was  afraid  to  let  its 
enemies  know  how  insufficient  were  its  air  gtiards,  or 
what  measures  were  being  taken  to  bring  the  aerial 
fleet  up  to  the  necessary  point  of  efficiency.  Investiga- 
tors were  frowned  upon  and  the  aviators  themselves 
were  discouraged  from  much  conversation  about  their 
work. 

About  the  beginning  of  igi6  the  British  suddenly 
awoke  to  the  fact  that  even  in  war  publicity  has  its 
value.  It  was  necessary  to  arouse  the  enthusiastic 
support  of  the  people  for  recruiting  or  for  the  conscrip- 
tion which  ultimately  was  ordered.  To  do  this  graphic 
descriptions  of  what  was  doing  at  the  front  in  the  various 
branches  of  the  service  seemed  necessary.  The  best 
writers  in  England  were  mobilized  for  this  work.  Kip- 
ling wrote  of  the  submarines,  Conan  Doyle  of  the  fight- 
ing on  the  fields  of  Prance.  The  Royal  Flying  Corps 
gave  out  a  detailed  story  the  authorship  of  which  was 
not  stated,  but  which  describes  most  picturesquely  the 
day  of  a  flying  man. 

In  the  United  States  it  appeared  in  the  Sun,  of  New 
York,  and  sections  of  it  are  reprinted  here; 

"The  following  bombing  will  be  carried  out  by  No.  — 
Squadron  at  night  (lo  P.M.,  12  midnight,  and  2  AM.). 
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At  each  of  these  times  three  machines,  each  carrying  eight 

twenty-potand  bombs,  will  bomb  respectivelv  P ,  C • 

H ." 

Thus  the  operation  order  read  one  evening  in  France. 
Jtist  an  ordinary  order  too,  for  bombing  is  carried  out  day 
and  night  incessantly.  Bombing  by  night  is  usually  car- 
ried out  on  towns  and  villages  known  to  be  resting  places 
of  the  German  troops,  and  it  is  part  of  the  work  of  the 
Royal  Flying  Corps  to  see  that  the  Hun  never  rests. 

Fritz  after  a  hard  spell  in  the  trenches  is  withdrawn  to 
some  shell  torn  village  behind  his  lines  to  rest.  He  enters 
the  ruined  house,  that  forms  his  billet,  and  with  a  sigh  of 
contentment  at  reaching  such  luxury  after  the  miseries  of 
trench  life  prepares  to  sleep  in  peace.  He  dreams  of  home, 
and  then  out  of  the  night  comes  the  terror  of  the  air. 

A  bomb  falls  in  his  billet,  exploding  with  a  terrific  re- 
port and  doing  more  damage  to  the  already  ruined  walls. 
Possibly  a  few  of  his  comrades  are  wounded  or  killed.  Other 
explosions  take  place  close  by  and  the  whole  village  is  in 
turmoil. 

Fritz  does  not  sleep  again.  His  nerves  are  jangled  and 
all  possibility  of  sleep  is  gone.  The  next  day  he  is  in  a 
worse  condition  than  after  a  night  in  the  trenches.  This 
continues  night  after  night.  The  damage  to  German 
morale  is  enormous. 

From  the  aerial  point  of  view  things  are  different.  A 
pilot  warned  for  night  fljdng  takes  it  as  he  takes  everything 
else,  with  apparent  unconcern.  He  realizes  that  he  will 
have  an  uninteresting  ride  in  the  dark;  the  danger  from 
"Archie'*  will  be  small,  for  an  airplane  is  a  difficult  target 
to  keep  under  observation  with  a  searchlight,  and  the 
danger  from  hostile  aircraft  will  be  smaller  still. 

Over  the  trenches  the  star  shells  of  the  infantry  may 
be  seen,  occasionally  the  fiash  of  a  badly  concealed  gun 
glints  in  the  darkness  or  the  exploding  bombs  of  a  trench 
raiding  party  cause  tiny  sparks  to  glimmer  far  below. 
Probably  the  enemy,  hearing  the  sound  of  engines,  will 
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tarn  on  his  searchlights  and  sweep  the  sky  with  loag  pencils 
of  light.  The  pilot  may  be  picked  up  for  a  second,  and  a 
trifle  later  the  angry  bang,  bang,  bang  of  '*  Archie''  may 
be  heard,  firing  excitedly  at  the  place  where  the  aeroplane 
ought  to  be  but  is  not — ^the  pilot  has  probably  dipped  and 
changed  his  course  since  he  was  in  the  rays  of  the  search- 
light. He  may  be  caught  again  for  an  instant  and  the 
performance  is  repeated. 

Before  long  the  vicinity  of  the  target  is  reached  and  he 
prepares  to  drop  his  bombs,  usually  eight  in  number.  A 
little  before  he  is  over  the  spot  the  first  bombs  will  be  re- 
leased, for  the  trajectory  of  the  bomb  follows  the  course 
of  the  machine  if  the  latter  keeps  on  a  straight  course 
and  when  it  explodes  the  airplane  is  still  overhead.  Down 
far  below  will  be  seen  a  tiny  burst  of  flame;  possibly  a 
large  fire  blazes  up  and  the  pilot  knows  that  his  work  is 
good.  He  then  ttuns  and  repeats  his  performance  until 
all  his  bombs  are  exhausted,  when  he  turns  for  home. 

Bombs  are  usually  dropped  from  a  low  altitude  at  night 
in  order  to  be  surer  of  getting  the  target.  If  during  the 
performance  any  local  searchlights  are  turned  on  "Archie" 
gets  busy  and  a  merry  game  of  hide  and  seek  in  and  out 
the  beams  takes  place.  If  the  airplane  is  very  low,  and 
bombs  are  sometimes  dropped  from  a  height  of  only  a  few 
hundred  feet,  it  is  highly  probable  that  the  bursting  shells 
do  more  damage  than  the  airplane's  bombs,  and  it  is 
almost  impossible  to  wing  an  airplane  by  night. 

Over  the  lines  the  pilot  probably  meets  more  searchlights, 
dodges  them,  and  gradually  descends.  Below  him  he  sees 
the  aerodromes  of  the  surrounding  squadrons  lighted  up 
for  landing  purposes.  Should  he  be  in  doubt  as  to  which 
is  his  own  he  fires  a  certain  combination  of  signal  lights  and 
is  answered  from  below.  He  then  lands,  hands  his  machine 
over  to  the  mechanics,  and  turns  in. 

vSo  much  for  night  bombing.  By  day  it  is  different. 
Though  at  night  it  is  the  billets  which  usually  form  the 
target,  by  day  bombing  is  carried  out  for  the  purpose  of 


"  Showing  Off" 

A  Nieuport  peHormiag  aerial  acrobatics  around  j  heavier  bombing  imcbini 
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damaging  specific  objects.  Railroads,  dtxinps  of  stores 
and  ammunition,  and  enemy  aerodromes  are  the  favourite 
targets. 

The  raiding  machines  fly  in  formation  and  are  sur- 
rounded by  other  machines  used  solely  for  protective  pur-r 
poses.  Generally  a  raid  is  carried  out  by  machines  from 
two  squadrons,  the  bomb  carriers  belonging  to  a  corps 
wing  and  the  escorting  machines  to  an  army  wing. 

All  the  machines  meet  at  a  prearranged  rendezvous  well 
on  our  side  of  the  line  at  a  certain  time  and  a  given  alti- 
tude. There  they  manoeuvre  into  their  correct  formation. 
A  flight  conunander  leads  the  raid  and  his  machine  is 
distinguished  by  streamers  tied  to  it. 

Once  over  the  target  the  fighters  scatter  and  patrol  the 
neighbourhood  while  the  bombers  discharge  their  missiles 
on  the  objective.  Usually,  unless  anti-aircraft  fire  is  very 
heavy,  they  descend  a  few  thousand  feet  to  make  surer  of 
the  target,  and  when  their  work  is  completed  rise  again  to 
the  level  of  the  escort. 

Results  can  usually  be  fairly  judged  by  day.  An  ammu- 
nition diunp  quickly  shows  if  it  is  hit  and  stores  soon  burst 
into  flame.  Railway  stations  or  junctions  show  clearly 
damage  to  buildings  or  overturned  trucks,  but  the  damage 
to  the  track  itself  is  hard  to  estimate.  Aerodromes  may 
be  bombed  for  the  purpose  of  destroying  enemy  machines 
in  their  hangars  or  merely  in  order  to  spoil  the  landing  by 
blowing  holes  all  over  the  place.  It  is  with  great  delight 
that  a  pilot  remarks  in  his  report  that  a  hostile  machine, 
surrounded  by  mechanics,  was  about  to  ascend,  but  that 
instead  he  had  descended  to  within  a  few  hundred  feet 
and  obtained  a  direct  hit,  with  the  result  that  the  enemy 
machine,  including  the  surrounding  men,  seemed  to  be 
severely  damaged. 

One  officer  on  a  bomb  raid  saw  his  chance  in  this  way, 
descended  to  four  hundred  feet  .under  intense  rifle  fire, 
successfully  bombed  the  enemy  machine,  which  was  just 
emerging  from  its  hangar,  and  then  tried  to  make  ofE. 
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Unfortunately  at  this  moment  his  eagine  petered  oat, 
possibly  on  account  of  the  enemy's  fire,  and  he  had  to 
descend. 

By  sldllful  planing  he  managed  to  descend  about  three 
quarters  of  a  mile  away,  in  full  view  of  the  enemy.  In- 
stead of  giving  up  the  ghost  and  at  once  firing  his  machine, 
this  officer  jumped  out  and,  utterly  unperturbed  by  the 
Gentian  fire  or  by  the  Huns  making  across  country  to  take 
him  prisoner,  commenced  to  inspect  the  engine.  Luddly 
he  found  the  cause  of  the  trouble  at  once,  put  it  right. — it 
was  only  a  trifling  mishap, — adjusted  the  controls,  and 
swung  the  propeller. 

The  engine  started,  he  jumped  in,  with  the  nearest 
Hun  only  a  htmdred  yards  off,  and  opening  the  throttle 
raced  over  the  ground  and  into  the  air  pursued  by  a  futile 
fusillade  of  bullets.  His  engine  held  out  and  he  safely 
regained  his  aerodrome,  after  having  been  reported  missing 
by  his  comrades.  For  this  escapade  he  received  the  Mili- 
tary Cross — a  well-earned  reward. 

When  all  the  bombs  have  been  dropped  and  the  forma- 
tion resumed  the  machines  head  for  home.  It  is  on  the 
homeward  journey  that  events  may  be  expected,  for  time 
enough  has  elapsed  for  the  Hun  to  detail  a  squadron  to 
intercept  our  returning  machines  and  pick  off  any  stragglers 
that  may  fall  behind. 

It  is  a  favourite  Boche  manceuvre  to  detail  some  of  his 
slow  machines  to  entice  our  fighters  away  from  the  main 
body,  and  when  this  has  been  accomplished,  to  attack  the 
remainder  with  Fokkers,  which  dive  from  aloft  onto  tbe 
bombing  machines.  This  trick  is  now  well-known  and 
the  fighters  rarely  leave  their  charges  until  the  latter  are  in 
comparative  safety. 

Sometimes  a  Hun  of  more  sporting  character  than  his 
brothers  will  wait  alone  for  the  returning  convoy,  hiding 
himself  thousands  of  feet  up  in  the  clouds  until  he  sees  his 
moment.  Then  singling  out  a  machine  he  will  dive  at  it, 
pouring  out  a  stream  of  buUets  as  he  falls.     Sometimes  he 
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achieves  his  object  and  a  British  machine  falls  to  earth, 
but  whatever  the  result,  the  Hun  does  not  alter  his  tactics. 
He  dives  clean  through  the  whole  block  of  machines,  down 
many  thousands  of  feet,  only  flattening  out  when  close  to 
the  grotmd. 

The  whole  affair  is  so  swift — ^just  one  lightning  dive — 
that  long  before  a  fighter  can  reach  the  Hun  the  latter  is 
away  thousands  of  feet  below  and  heading  for  home  and 
safety.  Every  Fokker  pilot  knows  that  once  his  surprise 
dive  is  over  he  has  no  chance  against  another  machine — 
the  build  of  the  Fokker  only  allows  this  one  method  of 
attack — and  he  does  not  stop  to  argue  about  it.  His 
offensive  dive  becomes  a  defensive  one — that  is  the  sole 
difference. 

Sometimes  a  large  squadron  of  German  machines,  com- 
posed of  various  types  of  airplanes,  intercepts  a  returning 
formation.  If  it  attacks  a  grand  aerial  battle  ensues.  The 
British  fighting  machines  spread  out  in  a  screen  to  allow  the 
bombing  machines  a  chance  of  escape  and  then  attack  the 
Huns  as  they  arrive.  In  one  place  one  British  airplane  will 
be  defending  itself  from  two  or  three  German  machines; 
close  by  two  or  three  of  our  busses  will  be  occupied  in  send- 
ing a  Him  to  his  death;  elsewhere  more  equal  combats 
rage  and  the  whole  sky  becomes  an  aerial  battlefield,  where 
machines  perform  marvellous  evolutions,  putting  the  best 
trick  flying  of  pre-war  days  very  much  in  the  shade.  No 
sooner  has  a  pilot  accounted  for  his  foe,  by  killing  him, 
forcing  him  to  descend,  or  making  him  think  discretion  the 
better  part  of  valour,  than  he  turns  to  the  help  of  a  hard- 
pressed  brother,  siuprising  the  enemy  by  an  attack  from 
the  rear  or  otherwise  creating  a  diversion. 

A  single  shot  in  the  petrol  tank  proves  fatal;  loss  of 
pressure  ensues,  the  engine  fails,  and  the  pilot  is  forced 
to  descend.  He  can  usually  land  safely,  but  should  he  be 
in  enemy  territory  he  must  fire  his  machine  and  prepare 
for  a  holiday  in  Germany.  Should  he  be  fortimate  enough 
to  plane  over  our  lines  little  damage  is  done;  the  tank  can 
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Yrom  «i^  to  twdve  tbooMud  feet,  add  our  prints,  whiA 
•re  f «r  wpcrfor  to  tfaoac  takco  by  the  Hm.  hmre  revealed 

man/  unHut  pfjjntt  which  woaM  otherwise  have  remained 
mkfKrwn. 

When  it  i»  renumbered  that  a  single  machine  oOGStng  the 
Dne  is  heavily  shelled  it  may  be  conceived  what  an  immense 
Cf^ccntration  ot  "Archies"  is  made  on  the  raiders  on  their 
return.  It  is  remarkable  what  feeble  results  are  obtained 
con<;l'lerin^  the  intensity  of  the  bombardment,  but  rarely 
)s  a  mftf;hinc  broucht  down,  though  casualties  naturally 
occur  occHsifTnally. 

Lioulcnttnt  C,  in  company  with  other  machines,  had 
BUcconnfully  bombed  his  target  and  had  meanwhile  been 
lieftvlly  ehollod,  with  the  result  that  his  engine  was  not 
jjlvltiK  ItN  lull  number  of  revolutions  and  he  lagged  a  little 
bctilnil  tho  rc8t  of  the  formation.  No  hostile  aircraft 
HjilwarGil  atiil  all  went  well  until  he  was  about  to  cross  the 
lines,  whoti  a  torriiic  bombardment  was  opened  on  him. 
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He  dodged  and  turned  to  the  best  of  his  ability,  but  a 
well-aimed  shell  burst  just  above  him  and  a  piece  of  the 
"Archie"  hit  him  on  the  head,  not  seriously  woimding 
him,  but  knocking  him  unconscious.  The  machine,  de- 
prived of  the  guiding  hand,  immediately  got  into  a  dive 
and  commenced  a  rapid  descent  from  ten  thousand  feet, 
carrying  the  imconscious  pilot  with  it,  to  be  dashed  to 
pieces  on  the  ground. 

Whether  the  rush  of  air,  the  sudden  increase  of  pressure, 
or  the  passing  oflE  of  the  effect  of  the  blow  caused  the  dis- 
abled man  to  come  to  his  senses  is  not  known,  but  when 
the  machine  was  only  a  few  htmdred  feet  from  the  ground. 
Lieutenant  C.  recovered  his  senses  su£5ciently  to  realize 
his  position  and  managed  to  pull  the  machine  up  and  make 
a  landing.  He  then  lapsed  into  tmconsciousness  again. 
Had  he  remained  in  his  state  of  collapse  half  a  minute 
longer,  he  would  inevitably  have  been  killed. 

Another  curious  case  of  wotmding  was  that  of  Lieutenant 
H.,  who  was  also  returning  from  a  bomb  raid.  When 
passing  through  the  heavily  shelled  zone  his  machine  was 
hit  by  a  shell,  which  passed  through  the  floor  by  the 
pilot's  seat  and  out  at  the  top  without  exploding.  Lieu- 
tenant H.  thought  it  must  have  been  very  close  to  his  leg, 
but  he  was  so  fully  occupied  with  manoeuvring  to  dodge 
other  shells  that  he  had  no  time  to  think  of  it. 

He  crossed  the  line  and  began  to  plane  down  when  he 
was  aware  of  a  feeling  of  faintness,  but  pulling  himself 
together  he  landed  his  machine,  taxied  up  to  the  sheds,  and 
attempted  to  get  out.  It  was  only  then  that  he  realized 
that  his  leg  was  shot  almost  completely  off  above  the 
knee;  the  lower  part  was  merely  hanging  by  a  piece  of 
skin. 

Incredible  as  it  may  seem  the  shell  which  hit  his  machine 
also  tore  through  the  leg — luckily  without  exploding — 
unknown  to  Lieutenant  H.  Probably  the  force  of  the 
blow  and  excitement  of  the  moment  caused  it  to  pass  un- 
noticed and  the  torn  nature  of  the  wound  helped  to  close 
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the  arteries  and  prevent  his  bleeding  to  death.  He  re- 
covered, and  though  no  longer  flj-nng  is  still  engaged  in 
doing  his  duty  for  the  duration  of  the  war. 

The  courage  and  dash  of  the  American  aviators, 
serving  with  the  French  Army,  led  the  Allies  to  expect 
great  things  of  our  flying  corps  which  should  be  or- 
ganized immediately  after  our  declaration  of  war. 
About  the  time  of  that  declaration  Major  L.  W.  B. 
Rees,  of  the  British  Flying  Corps,  came  to  the  United 
States  for  the  purpose  of  giving  to  our  authorities  the 
benefit  of  British  experience  in  raising  and  equipping 
aerial  fleets  and  in  the  development  of  the  most  effi- 
cient tactics.  Major  Rees  in  an  official  statement 
set  forth  many  facts  of  general  interest  concerning 
the  various  flying  services  of  the  belligerent  armies. 
The  British,  he  said,  fly  on  three  levels  with  three  differ- 
ent kinds  of  machines.  Nearest  the  ground,  about 
six  thousand  feet  up,  are  the  artillery  directors  who 
hover  about  cutting  big  figure  eights  above  the  enemy 
tr''rr.r,;if;s  rtrA  tiash  back  directions  bv  T\'ireless  to  the 
BriTi.Th  .'ir^ilicrists.  These  obser'v'ers  are,  of  course, 
exposed  ^>  attack  from  an"i-aircraft  guns,  the  effective 
^an'^^^  ^A  -.vhich  had  bv  "he  middle  of  "A-ar  become  as 
great  as  t«-rt  thousand  feet.  Ye*",  as  has  already  been 
notc^fi.  'he  amount  of  -^xecuti'-yn  done  by  these  weapons 
vva.^,  -.iirf^risingly  sm.all.  The  obser^rcrs  are  protected 
from  .'ir^ack  fromi  above,  nrst  by  :he  heavy  fighting 
planes,  \^.\''\T.'^  at  ten  thousand  feet.  carr\'ing  two  men 
to  'ht-  plane  and  aijie  to  keep  the  air  for  four  hours  at 
a  -in-.o  at  a  -.peed  of  i  V)  m.iles  an  hour.  They  are  sup- 
posed to  use  '■;verv'  p«^s.-ibie  vigilance  to  keep  the  ene- 
m.y"  ^.  figh:.er ^  a':\-ay  from,  the  -lo'wer  and  busy  observing 
m.achines.     In  this  thev  are  seconded  bv  the  lighter  one- 


An  Air  Raid  on  a  Troop  Train 
Pualiag  byjoba  E.  Vbitiog 
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man  fjgmrng  marhrnff;  -wiiicb  cmise  abont  bx  a  height 
c£  fiftRCT  T.hnnfgmn  fee:  hi  <a  speed  of  130  miles  ar  honr 
and  abk  to  make  a  straight  upward  dash  at  the  laxe 
of  xen  thousand  feet  in  ten  nmrates.  The  ariators  of 
these  latter  machines  came  to  describe  their  task  as 
**  ceiling  woni,"  suggesting  that  they  operated  at  the 
Tery  top  of  the  world's  great  room.  They  are  able  to 
keep  the  air  anly  about  two  hours  at  a  time. 

Americans,  perhaps  gave  evaggerated  in^Kirtance 
to  the  wQoi  of  the  Laiayerte  Escadrilk  which  was 
marmeri  -ididDr  by  American  boys,  and  which,  while 
in  Bervioe  fiTirri  the  vei'v  beginning  of  the  war,  was  the 
first  sectirm  of  the  French  Army  permitted  to  di^>l&y 
thefiag  of  the  United  States  in  battle  after  oar  dedaia- 
tion  of  war.  It  was  made  up,  in  the  main,  of  yonug 
Americans  of  gcxxi  farmhr  and  independent  n^eans, 
mast  of  them  being  ooiDege  stndents  who  had  laid  down 
their  books  for  the  nDore  exciting  life  of  an  airman. 
They  paid  heavily  in  the  toD  of  death  for  their  adven- 
tmie  and  for  the  cooriction  whidi  led  them  to  take  the 
side  of  danocxacy  aid  ri^t  in  the  scrapie  against 
aotocracy  and  baibansm  months,  even  years,  before 
thexT  nation  finally  determined  to  join  with  them. 
In  the  ficrst  two  and  a  half  years  of  the  war,  seven  of  the 
aviators  in  this  oonqiaratively  small  body  lost  their 
lives. 

Harvard  College  was  particalariy  well  represented 
in  the  American  Flying  Corps — although  this  is  a 
proper  and  pertinent  place  to  say  that  the  sympathy 
daovn  for  the  alHed  cause  by  the  3poi2ng  ooDegians  of 
the  United  States  was  a  magnificent  evidence  of  the 
lofty  ris^bteousDess  of  their  convictions  and  the  ^nrit 
of  denKKxacy  with  which  they  kxdoed  out  upon  the 
world.    When  the  leash  was  taken  off  by  the  dedaim- 
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.  of  -war  by  the  United  States  die  coOege  boys 
I  to  training  omoc  aj"^  enHftmeiit  ^'•^Hnnar^^T? 
I  a  way  that  hade  £air  to  leave  rhose  icsiiniDDiis  trf 

ing  withoQi  sradents  fbr  soms  years  to  cithw. 
But  to  hark  bade  to  Harvard,  it  had  in  the  La&ycCZe 
:  Sve  men  in  1916;   thice  of   these.    SjBeat 
,  Xorman  Prince,  and  Viccnr  Chapman,  weze 
,  in  that  year.     A  letter  pobiisfaed  in  Honntf 
n*  Europe  tells  of  the  way  these  young 
I^Bdiators  started  the  day's  woric: 

Roekvell  caOed  me  op  at  three:  "  Fine  dn-,  Sne  (^.  get 
ip!"  It  was  very  clear.  We  bang  aroond  at  Biny^ 
.pienteaant  Thowj  ami  toofc  chocolace  made  by  his  oe^ 
tfcnnancf!.  Rail  and  ihe  Lientenaat  woe  gnanfa  en  tte 
Hfcid;  bat  Thaw,  Rcdcwetl.  and  I  tfams^  w«  wooU  teke 
m  kmr  ekt*  Ui  Bacigj.  Bang  the  first  tane  the  meckmiamr 
l«tre  OM  there  and  the  nwHrine  gaa  RiOfl  ooC  ready.  Bow- 
Vfcr  it  bafced  mcsty  in  the  Vosges.  go  ve  wetc  noC  huLiieiL 
[^tendezvQcs  ov?r  the  £eid  3t  a  thooaand  metKS,**  shoatfld 
%iSen.     r  r.  vi  -   '     -  -.  -  -^ras  tamtng:  and  we  spedi 

over  the  field  and  up. 

In  my  little  cockpit  from  which  my  shoolders  jost  pn»- 
tmde  I  have  several  diversions  besides  flying.  The  cooi- 
pass,  of  course,  and  the  map  I  keep  tacked  tn  a  tiny  cloaet 
over  the  reservoir  before  my  knees,  a  anall  clock  and  one 
altimetre.  But  most  important  is  the  contour,  showing 
revolutions  of  the  motor  which  one  is  constantly  r^ardtng 
as  he  moves  the  manettes  of  gasoline  and  gas  back  and 
forth.  To  husband  one's  fuel  and  tease  the  motor  to 
round  eleven  takes  attention,  for  the  carburetor  changes 
with  the  weather  and  the  altitude.  .  .  .  The  earth  seemed 
hidden  under  a  line  web  such  as  the  Lady  of  Shalott  wove. 
Soft  purple  in  the  west,  changing  to  shimmering  white  in 
the  east.  Under  me  on  the  left  the  Vosges  like  rounded 
sand  dunes  cushioned  up  with  velvety  light  and  dark  mas- 
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ses  (really  forests) ,  but  to  the  south  standing  finnly  above 
the  purple  cloth  like  icebergs  shone  the  Alps.  My!  they 
look  steep  and  jagged.  The  sharp  blue  shadows  on  their 
western  slopes  emphasized  the  effect.  One  mighty  group 
standing  aloof  to  the  west — Mount  Blanc  perhaps.  Ah, 
there  are  quantities  of  worm-eaten  fields  my  friends  the 
trenches — and  that  town  with  the  canal  going  through  it 

must  be  M .    Right  beside  the  capote  of  my  engine, 

showing  through  the  white  cloth  a  silver  snake — the  Rhine! 

What,  not  a  quarter  to  six,  and  I  left  the  field  at  five! 
Thirty-two  hundred  metres.  Let's  go  north  and  have  a 
look  at  the  map. 

While  thus  engaged  a  black  puff  of  smoke  appeared 
behind  my  tail  and  I  had  the  impression  of  hearing  a  piece 
of  iron  hiss  by.  "Must  have  got  my  range  first  shot!" 
I  stirmised,  and  making  a  steep  bank  piqued  heavily. 
"There,  I  have  lost  them  now."  The  whole  art  of  avoiding 
shells  is  to  pay  no  attention  till  they  get  your  range  and 
then  dodge  away,  change  altitude,  and  generally  avoid 
going  in  a  straight  line.  In  point  of  fact,  I  could  see 
bunches  of  exploding  shells  up  over  my  right  shoulder  not 
a  kilometre  off.  They  continued  to  shell  that  section  for 
some  time;  the  little  balls  of  smoke  thinning  out  and 
merging  as  they  crossed  the  lines. 


In  the  earlier  days  of  the  war,  when  the  American 
aviators  were  still  few,  their  deeds  were  widely  re- 
counted in  their  home  coimtry,  and  their  deaths  were 
deplored  as  though  a  personal  loss  to  many  of  their 
cotuitrjmaen.  Later  they  went  faster  and  were  lost 
in  the  daily  reports.  Among  those  who  had  early 
fixed  his  personality  in  the  minds  of  those  who  followed 
the  forttuies  of  the  little  band  of  Americans  flying  in 
France  was  Kiffen  Rockwell,  mentioned  in  an  earlier 
paragraph,  and  one  of  the  first  to  join  the  American 

za 
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escadrille.  Rockwell  was  in  the  war  Erom  sincere  con- 
viction of  the  righteotmess  of  the  Allies'  cause. 

"  I  pay  my  part  for  Lafayette,  and  Rochambeau," 
he  said  proudly,  when  asked  what  he  was  doing  in  a 
French  uniform  flying  for  France.  And  pay  he  did 
though  not  before  making  the  Germans  pay  heavily 
for  their  part.  Once,  flying  alone  over  Thann,  he 
came  upon  a  German  scout.  Without  hesitation  the 
battle  was  on.  Rockwell's  machine  was  the  higher. 
had  the  better  position.  As  aerial  tactics  demanded 
he  dived  for  the  foe,  opening  fire  as  soon  as  he  came 
within  thirty  or  forty  yards.  At  his  fourth  shot  the 
enemy  pilot  fell  forward  in  his  seat  and  his  machine 
fell  heavily  to  earth.  He  lighted  behind  the  German 
lines  much  to  the  victor's  disgust,  for  it  was  counted  a 
higher  achievement  to  bring  your  foe  to  earth  in  your 
own  territory.  But  Rockwell  was  able  to  pursue  his 
victim  far  enough  to  see  the  wreck  burst  into  Sames. 

Though  often  wounded,  Rockwell  scorned  danger. 
He  would  go  into  action  so  bandaged  that  he  seemed 
fitter  to  go  to  an  hospital.  He  was  always  on  the 
attack — "shoved  his  gun  into  the  enemy's  face"  as 
his  fellows  in  the  escadriUe  expressed  it.  So  in  Septem- 
ber, 1916,  he  went  out  after  a  big  German  machine, 
he  saw  flying  in  French  territory.  He  had  but  little 
difficulty  in  climbing  above  it,  and  then  dashed  down 
in  his  usual  impetuous  maimer,  his  machine  gun  blaz- 
ing as  he  came  on.  But  the  German  was  of  heavier 
metal  mounting  two  machine  guns.  Just  as  to  on- 
lookers it  seemed  that  the  two  machines  would  crash 
together,  the  wings  of  one  side  of  Rockwell's  plane 
suddenly  collapsed  and  he  fell  like  a  stone  between  the 
lines.  The  Germans  turned  their  guns  on  the  pile 
of  wreckage  where  he  lay,  but  French  gunners  ran  out 
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and  brought  his  body  in.  His  breast  was  all  blown 
to  pieces  with  an  explosive  bullet — criminal,  of  course, 
barbarous  and  imcivilized,  but  an  everyday  practice 
of  the  Germans. 

Rockwell  was  given  an  impressive  fimeral.  All  the 
British  pilots,  and  five  himdred  of  their  men  marched, 
and  the  bier  was  followed  by  a  battalion  of  French 
troops.  Over  and  aroimd  the  little  French  graveyard 
aviators  flew  dropping  flowers.  In  later  days  less 
ceremony  attended  the  last  scene  of  an  American 
aviator's  career. 

Another  American  aviator,  also  a  Harvard  man, 
who  met  death  in  the  air,  was  Victor  Chapman  of 
New  York,  a  youth  of  imusual  charm,  high  ideals, 
and  indomitable  coxirage.  At  the  very  outbreak  of 
the  war  he  enlisted  in  the  French  Foreign  Legion — 
a  rough  entourage  for  a  college-bred  man.  Into  the 
Foreign  Legion  drifted  ever3rthing  that  was  doubtful, 
and  many  that  were  criminal.  No  questions  were 
asked  of  those  who  sought  its  hospitable  ranks,  and 
readers  of  Ouida's  novel  Under  Two  Flags  will  recall 
that  it  enveloped  in  its  convenient  obscurity  British 
lordlings  and  the  lowest  of  Catalonian  thieves.  But 
in  time  of  actual  war  its  personnel  was  less  mixed, 
and  Chapman's  letters  showed  him  serving  there  con- 
tentedly as  pointer  of  a  mitrailleuse.  But  not  for  long. 
Most  of  the  spirited  young  Americans  who  entered  the 
French  Army  aspired  to  serve  in  the  aviation  corps, 
and  Chapman  soon  was  transferred  to  that  field.  There 
he  developed  into  a  most  daring  flyer.  On  one  occasion, 
with  a  bad  scalp  woimd,  after  a  brush  with  four  German 
machines,  he  made  his  landing  with  his  machine  so 
badly  wrecked  that  he  had  to  hold  together  the  broken 
ends  of  a  severed  control  with  one  hand,  while   he 
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people  the  vision  of  that  war  in  the  air  of  which  poets 
and  philosophers  had  dreamed  for  ages.  It  brought 
home  to  our  people  the  importance  of  aviation  before 
our  statesmen  could  begin  to  see  it.  It  set  our  boys 
to  reading  of  aircraft,  building  model  planes,  hatmting 
the  few  aviation  fields  which  at  the  time  our  cotmtry 
possessed.  And  it  finally  so  filled  the  consciousness  of 
oiu*  people  with  conviction  of  the  supreme  importance 
of  aviation  as  an  arm  of  the  national  armed  service 
that  long  before  the  declaration  of  war  the  government 
was  embarrassed  by  the  flood  of  voltmteers  seeking  to 
be  enrolled  in  the  fljdng  forces  of  the  nation. 
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of  the  heavier-than-air  machines,  having  their  origin 
undoubtedly  in  the  inventive  genius  of  Professor  Langley 
and  the  Wrights,  had  been  taken  away  from  us  by  the 
more  alert  governments  of  France  and  Germany. 
The  people  were  ready  to  buy  back  something  of  our 
lost  prestige  by  building  the  greatest  of  air  fleets  at  the 
moment  when  it  should  exercise  the  most  determinative 
influence  upon  the  war. 

But  more.  We  entered  upon  the  war  in  our  chrome 
state  of  unpreparedness.  We  were  without  an  army 
and  without  equipment  for  one.  To  raise,  equip,  and 
drill  an  army  of  a  million,  the  least  number  that  would 
have  any  appreciable  effect  upon  the  outcome  of  the 
war,  would  take  months.  When  completed  we  would 
have  added  only  to  the  numerical  superiority  of  the 
Allies  on  the  Western  Front.  The  quality  of  a  novel  and 
decisive  contribution  to  the  war  would  be  lacking. 

So  too  it  was  with  our  navy.  The  British  Navy  was 
amply  adequate  to  deal  with  the  German  fleet  should 
the  latter  ever  leave  its  prudent  retreat  behind  Helgo- 
land and  in  the  bases  of  Kiel  and  Wilhelmshaven. 
True  it  was  not  capable  of  crushing  out  altogether  the 
submarine  menace,  but  it  did  hold  the  German  under- 
water boats  down  to  a  fixed  average  of  ships  destroyed, 
which  was  far  less  than  half  of  what  the  Germans  had 
anticipated.  In  this  work  our  ships,  especially  our 
destroyers,  took  a  notable  part. 

The  argument  for  a  monster  fleet  of  fighting  aircraft, 
thus  came  to  the  people  of  the  United  States  in  a 
moment  of  depression  and  perplexity.  By  land  the 
Germans  had  dug  themselves  in,  holding  all  of  Belgium 
and  the  thousands  of  square  miles  of  France  they  had 
won  in  their  first  dash  to  the  Mame.  What  they  had 
won  swiftly  and  cheaply  could  only  be  regained  slowly 
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and  at  heavy  cost.  True,  the  Allies  were,  day  by  day, 
driving  them  back  from  their  position,  but  the  cost 
was  disheartening  and  the  progress  but  slow. 

By  sea  the  Germans  refused  to  bring  their  fleet  to 
battle  with  their  foes.  But  from  every  harbour  of 
Belgium,  and  from  Wilhelmshaven  and  Kiel,  they  sent 
out  their  sinister  submarines  to  prey  upon  the  com- 
merce of  the  world — neutral  as  well  as  belligerent. 
Against  them  the  navies  of  the  world  were  impotent. 
To  the  threat  that  by  them  Germany  would  starve 
England  into  cowering  surrender,  the  only  answer  was 
the  despairing  eflfort  to  build  new  ships  faster  than  the 
submarines  could  sink  those  afloat — even  though  half  a 
million  tons  a  month  were  sent  to  the  bottom  in  wasteful 
destruction. 

Paced  by  these  disheartening  conditions,  wondering 
what  they  might  do  that  could  be  done  quickly  and  aid 
materially  in  bringing  the  war  to  a  triumphant  conclu- 
sion, the  American  people  listened  eagerly  to  the  appeals 
and  arcjument.'=;  of  the  advocates  of  a  monster  aerial 
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want  10,000  bright,  active,  hardy,  plucky  American  boys 
between  20  and  25  years  of  age.  We  want  to  give  them  four 
months*  intensive  training  before  sending  them  into  the  air 
above  the  enemy's  lines.  In  time  we  shall  want  25,000 
to  35,000  but  the  smaller  number  will  well  do  to  open  the 
campaign. 

And  what  will  they  effect? 

Do  you  know  that  to-day  the  eyes  of  an  army  are  its 
airplanes?  Cavalry  has  disappeared  practically.  If  a 
general  wishes  to  pick  out  a  weak  point  in  his  enemy's  line 
to  assatilt  he  sends  out  airmen  to  find  it.  If  he  is  annoyed 
by  the  fire  of  some  distant  unseen  battery  over  the  hills  and 
far  away  he  sends  a  man  in  an  airplane  who  brings  back  its 
location,  its  distance,  and  perhaps  a  photograph  of  it  in 
action.  If  he  suspects  that  his  foe  is  abandoning  his 
trenches,  or  getting  ready  for  an  attack,  the  ready  airmen 
bring  in  the  facts. 

And  of  course  the  enemy's  airmen  serve  their  side  in  the 
same  manner-  They  spy  out  what  their  foe  is  doing,  and 
so  far  as  their  power  permits  prevent  him  from  seeing 
what  they  are  doing. 

Now  suppose  one  side  has  an  enormous  preponderance 
of  aircraft — six  to  one,  let  us  say.  It  is  not  believed,  for 
example,  that  at  this  moment  Germany  has  more  than 
10,000  aircraft  on  the  whole  western  front.  Let  us  imagine 
that  through  the  enterprise  of  the  United  States  our 
Allies  were  provided  with  25,000  on  one  sector  which  we 
intended  to  make  the  scene  of  an  attack  on  the  foe.  Say 
the  neighboiu-hood  of  Arras  and  Lille.  For  days,  weeks 
perhaps,  we  would  be  drawing  troops  toward  this  sector 
from  every  part  of  the  line.  Through  the  reports  of  spies 
the  enemy's  suspicions  would  be  aroused.  It  is  the  business 
of  an  efficient  general  to  be  suspicious.  He  wotdd  send  out 
his  airplanes  to  report  on  the  activities  of  the  other  side. 
Few  would  come  back.  None  wotild  bring  a  useful  report. 
For  every  German  plane  that  showed  above  the  lines  three 
Allied  planes  would  be  ready  to  attack  and  destroy  it  or 
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beat  it  back.  The  air  would  be  full  of  Allied  «rrn^f| — 
the  great  bombing  planes  flying  low  and  inundating  the 
trenches  with  bombs,  and  the  troops  on  march  with  the 
deadly  flechettes.  Over  every  German  battery  would  soar 
the  observation  plane  indicating  by  tinsel  or  smoke  bombs 
the  location  of  the  guns,  or  even  telegraphing  it  back  by 
wireless  to  the  Allied  batteries  safe  in  positions  which  the 
blinded  enemy  could  never  hope  to  find.  Above  all  in 
myriads  would  be  soaring  the  swift  fighting  scouts,  the 
Bleriots,  Nieuports.  Moranes  or  perhaps  some  new  American 
machine  to-day  unknown.  Let  the  wing  of  a  Boche  but 
show  above  the  smoke  and  they  would  be  upon  >itrn  in 
hordes,  beating  him  to  the  ground,  enveloping  him  in 
fiames,  annihilating  him  before  he  had  a  chance  to  observe^ 
much  less  to  report. 

What  think  you  would  be  the  result  on  that  sector 
of  the  battle  line?  Why  the  foe  would  be  cut  to  pieces, 
demolished,  obliterated.  Blinded,  he  would  be  unrelent- 
ingly ptmished  by  an  adversary  all  eyes.  Writhing  tmder 
the  concentrated  fire  of  a  thousand  guns  he  could  make  no 
re<?ponse,  for  his  own  guns  could  not  find  the  attacking  bat- 
tf^rio«?.  Did  hrt  think  ^.o  flee?  ITis  retreating  columns 
-.v^i'TK!  ■')e  marker]  down  '-)y  \he  relentless  scouts  in  the  air, 
and  :.rie  deadly  ourtain  of  ::re  from  well-coached  batteries 
mile^.  av.-a\'  '.vrjijld  .^wyr'j  '.n*erv  road  with  death.  If  in 
desoerarion  he  ^ouijht  :u  attack  he  would  do  so  ii^orant 
wh*'.th^T  lie  were  not  hurlin^^  his  rei^iments  against  the 
>t.r''»r,i^^*''^  part  of  the  Allied  line,  and  with  full  knowledge 
of  'h«'  f;H';'.  *,'-,at  though  he  was  hiinded  they  had  complete 
in  forma',  ion  of  his  -strength  and  dispositions. 

Th<^  argiirr.ent  irr.preSvSed  itself  strongly  upon  the 
rriind  of  '/no  country.  There  appeared  indeed  no  public 
sor/irr.ont  hostile  'o  it  nor  any  organized  opposition 
to  the  proposi*:.ion  for  an  enormous  appropriation  for 
purposes    of    aviation.     The    customary    inertia    of 
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Congress  delayed  the  actual  appropriation  for  some 
months.  But  the  President  espoused  its  cause  and 
the  Secretaries  both  of  War  and  the  Navy  warmly 
recommended  it,  although  they  united  in  opposing  the 
proposition  to  establish  a  distinct  department  of  aero- 
nautics with  a  seat  in  the  Cabinet.  Being  human 
neither  one  desired  to  let  his  share  of  this  great  new  gift 
of  power  slip  out  of  his  hands.  Leading  in  the  fight 
for  this  legislation  was  Rear-Admiral  Robert  E.  Peary, 
U.  S.  N.,  retired,  the  discoverer  of  the  North  Pole. 
Admiral  Peary  from  the  very  outbreak  of  the  war 
consecrated  his  time  and  his  abilities  to  pushing  the 
development  of  aeronautics  in  the  United  States. 
He  was  continually  before  Congressional  committees 
urging  the  fullest  appropriations  for  this  purpose.  In 
his  first  statement  before  the  Senate  Committee  he 
declared  that  "in  the  immediate  future  the  air  service 
will  be  more  important  than  the  army  and  navy  com- 
bined, *'  and  supported  that  statement  by  reference 
to  utterances  made  by  such  British  authorities  as 
Mr.  Balfour,  Lord  Charles  Beresford,  Lord  Northcliffe, 
and  Lord  Montague.  In  an  article  published  shortly 
after  his  appearance  before  the  Senate  Committee, 
the  Admiral  stmimarized  in  a  popular  way  his  views  as 
to  the  possibility  of  meeting  the  submarine  menace 
with  aircraft,  and  what  the  United  States  might  do  in 
that  respect.     Rewrote: 

We  are  receiving  agreeable  reports  as  to  the  eflSciency 
of  the  American  destroyer  flotilla  now  operating  against 
submarines  in  the  North  Sea.  An  unknown  naval  officer, 
according  to  the  newspapers  of  May  30th,  calls  for  the 
immediate  construction  of  from  100  to  200  additional 
American  destroyers. 
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By  all  means  let  us  have  this  force — when  it  can  be  made 
ready — but  it  would  take  at  least  two  years  to  construct, 
equip,  and  deliver  such  a  heavy  additional  naval  tonnage, 
while  200  fighting  seaplanes,  with  a  full  complement  of 
machine  guns,  bombs,  microphones,  and  aerial  cameras, 
could  be  put  in  active  service  in  the  North  Sea  within  six 
months. 

Seaplanes,  small  dirigibles  on  the  order  of  the  English 
"blimp"  type,  and  kite  balloons  have  already  shown 
themselves  to  be  more  effective  in  detecting  submarines 
than  are  submarine  chasers  or  armed  liners. 

Not  only  have  the  British,  French,  German,  and  Turkish 
forces  destroyed  trawlers,  patrol  boats,  and  transports  by 
aircraft,  but  successful  experiments  in  airplane  submarine 
himting  have  also  been  made  in  this  country. 

In  September,  1916,  our  first  Aerial  Coast  Patrol  Unit, 
in  acting  as  an  auxiliary  to  the  Mosquito  Squadron  in  the 
annual  manoeuvres  of  the  Atlantic  fleet,  detected  objects 
smaller  than  the  latest  type  of  German  submarines  from 
fifteen  to  twenty  feet  below  the  aiuiace. 

A  more  complete  aerial  submarine  hunt  took  place  on 
March  26th  of  this  year.  This  was  the  real  thing,  because 
the  fliers  were  looking  for  German  U-boats.  Inasmuch  as 
the  Navy  Department  is  still  waiting  before  establishing 
its  flrst  and  only  aeronautical  base  on  the  Atlantic  sea- 
board, the  honour  of  having  conducted  the  first  atrial  hunt 
of  the  enemy  submarines  in  American  history  went  to  the 
civilian  aviators  who  are  soon  to  be  a  part  of  the  Aerial 
Reserve  Squadron  at  Governor's  Island  and  to  the  civilian 
instructors  and  aerial  reservists  connected  with  the  Army 
Aviation  School  at  Mineola,  Long  Island. 

These  hawks  of  the  air  darted  up  and  down  the  coast 
in  search  of  the  enemy,  often  flying  as  far  as  eleven  miles 
out  to  sea.  The  inlets  and  bays  were  searched,  vessels 
plotted,  compass  direction  and  time  when  located  were 
given. 

No  enemy  submarines  were  found.     It  developed  that 
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the  supposed  submarines  were  two  patrol  motor-boats 
returning  from  a  trial  trip.  Nevertheless  the  incident  is 
illtuninating,  and  the  oflBcial  statement  of  the  Navy  Depart- 
ment closed  with  the  words:  "This  incident  emphasizes 
the  need  of  hydro-aeroplanes  for  naval  scouting  purposes." 

It  is  also  interesting  to  note  what  happened  when  Law- 
rence Sperry  went  out  to  sea  one  day  last  stunmer  in  his 
hydroplane  and  failed  to  return.  Two  seaplanes  and 
three  naval  destroyers  were  sent  in  search  of  him.  In 
forty  minutes  the  seaplanes  returned  with  the  news  that 
they  had  located  Sperry  floating  safely  on  the  water.  At 
the  end  of  the  day,  after  several  hours  of  search,  the  de- 
stroyers came  back  without  having  seen  Sperry  at  all. 

Those  who  may  still  believe  that  we  Americans  cannot 
build  aircraft  and  that  all  the  exploits  we  read  so  much 
about  in  the  newspapers  taking  place  on  the  other  side  are 
being  done  in  foreign  aircraft  will  be  surprised  to  know 
that  a  large  number  of  the  big  flying  boats  now  in  use  in  the 
English  navy,  harbour,  and  coast  defence  work  are  Curtiss 
machines,  designed  and  built  in  this  cotmtry  by  Americans, 
with  American  material  and  American  engines. 

Great  Britain  wants  all  the  machines  of  this  type  that 
it  can  get,  and  sees  no  reason  why  we  cannot  do  the  same 
thing  in  protecting  our  own  Atlantic  seaboard.  I  quote 
from  C.  G.  Grey,  editor  of  The  London  Aeroplane: 

"Curiously  enough,  these  big  fl3ang  boats  originated  in 
America,  and,  if  America  is  seriously  perturbed  about  the 
fate  of  American  shipping  and  American  citizens  travelling 
by  sea  in  the  vicinity  of  Europe,  it  shotild  not  be  a  difl5cult 
matter  for  America  to  rig  up  in  a  very  small  space  of  time 
quite  a  fleet  of  seaplane  carriers  suitable  for  the  handling 
of  these  big  seaplanes.  If  each  seaplane  ship  were  armed 
with  gtms  having  a  range  of  five  to  ten  miles,  and  if  the  gun- 
ners were  practised  in  co-operating  with  airplane  spotters, 
such  ships  ought  to  be  the  very  best  possible  insurance  for 
American  lives  and  goods  on  the  high  seas." 

I  quote  from  The  Associated  Press  report  from  Paris  on 
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I  with  iwhftiaaflcs,  Preuut  nyoio- 

aODplBiics  biwc&wiglrt  umn  UurtBsi  tiiwjk  md  there  hnvQ 

Henry  Wocdbouse,  ooe  of  tlie  most  ifistinguisbed  authori- 
ties on  aerooaotict  ia  the  United  States,  m  his  standard 
Textbook  on  Naeal  Aeromaaliis,  published  by  the  Ceattn? 
Canpany,  has  a">"iKifi^  the  foUowing  ijata  oq  sobaiarine 
and  aeroplane  combats: 

"Oq  May  4,  1915.  the  Gennan  Admiralty  reported  an 

cngagemeot  between  a  German  dirigible  and  seveial  Brittab 

s  in  the  North  Sea.     The  submariiKs  Sred  on  the 

diri^le  without  success,  whereas  bombs  fnnn  the  dirigiUe 

innlr  one  »^h»»mnTiei 

"On  May  31, 1915,  the  German  Admiralty  annonnced  the 
sinking  of  a  Russian  submarine  by  bombe  dropped  by 
German  naval  aviators  near  Gotland. 

"On  July  1,  1915.  the  Austrian  submarine  U-it  was 
destf  ;     !   ir.  A  !r;atic  by  a  French  aeroplane,  which 

swooped  suddenly  and  dropped  three  bombs  directly  on  the 
deck  of  the  submarine.  The  craft  was  destroyed  and  the 
entire  crew  of  twenty-five  were  lost. 

"On  July  27,  1915,  a  German  submarine  in  the  Darda- 
nelles was  about  to  launch  a  torpedo  at  a  British  trans- 
port filled  with  troops  and  ammunition,  when  British 
aviators  gave  the  alarm  to  the  transport,  and  immedi- 
ately began  dropping  bombs  at  the  submarine,  whidi  had 
to  submerge  and  escape  hurriedly,  without  launching  its 
torpedo. 

"On  August  19,  1915,  the  Turkish  War  Office  stated  that 
an  Allied  submarine  had  been  sunk  in  the  Dardanelles  by 
a  Turkish  aeroplane. 

"On  Augast  26,  the  Secretary  of  the  British  Admiralty 
aimounced  that  Squadron  Commander  Arthur  W.  Bigs- 
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worth  in  a  single-handed  attack  bombed  and  destroyed  a 
German  submarine  off  Ostend. 

**  Lieutenant  Viney  received  the  Victoria  Cross  and  Lieu- 
tenant de  Sincay  was  recommended  for  the  Legion  of 
Honour  for  having  flown  over  a  German.submarine  and  de- 
stroyed it  with  bombs  off  the  Belgian  coast  on  November 
18,  1915. 

"Early  in  19 16  an  Austrian  seaplane  sank  the  French 
submarine  Foucault  in  the  southern  Adriatic.  Lieutenant 
Calezeny  was  the  pilot  and  the  observer  was  Lieutenant 
von  IClinburg.  After  crippling  the  submarine  they  then 
performed  the  remarkable  feat  of  calling  another  Austrian 
seaplane  and  rescuing  the  entire  French  crew,  two  officers 
and  twenty  seven  men,  in  spite  of  the  fact  that  a  high  sea 
was  running  at  the  time." 

It  will  be  noted  that  Admiral  Peary  lays  great  stress  on 
the  supreme  value  of  aircraft  as  foes  of  the  submarine. 
This  was  due  to  the  fact  that  at  about  the  time  of  his 
appearance  before  the  Senate  Committee  the  world 
was  fairly  panic-stricken  by  the  vigour  and  effect  of 
the  German  submarine  campaign  and  its  possible  bearing 
upon  the  outcome  of  the  war.  Of  that  campaign  I  shall 
have  more  to  say  in  the  section  of  this  book  dealing 
with  submarines.  But  the  subject  of  the  tmdersea 
boat  in  war  became  at  this  time  inextricably  interwoven 
with  that  of  the  aerial  fleets,  and  the  sudden  develop- 
ment of  the  latter,  together  with  the  marked  interest 
taken  in  it  by  our  people,  cannot  be  imderstood  without 
some  description  of  the  way  in  which  the  two  became 
related. 

From  the  very  beginning  of  the  war  the  Germans 
had  prosecuted  a  desultory  submarine  warfare  on  the 
shipping  of  Great  Britain  and  had  extended  it  gradually 
until  neutral  shipping  also  was  largely  involved.    All 
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the  established  principles  of  international  law,  or  princi- 
ples that  had  been  supposed  to  be  established,  were  set 
at  naught.  In  bygone  days  enemy  merchant  ships 
were  subject  to  destruction  only  after  their  crews  had 
been  given  an  opportunity  to  take  to  the  boats.  Neutral 
ships  bearing  neutral  goods,  even  if  bound  to  an  enemy 
port,  were  liable  to  destruction  only  if  found  upon  visit 
to  be  carrj^'ing  goods  that  were  contraband  of  war. 
The  list  of  contraband  had  been  from  time  immemorial 
rigidly  limited,  and  confined  almost  wholly  to  nmni- 
tions  of  war,  or  to  raw  material  used  in  their  coastmc- 
tion.  But  international  law  went  by  the  board  early 
in  the  war.  Each  belligerent  was  able  to  ascribe 
plausible  reasons  for  its  amendment  out  of  recognizable 
form.  Great  Britain  established  blockades  two  hun- 
dred miles  away  from  the  blockaded  ports  because  the 
submarines  made  the  old  practice  of  watching  at  the 
entrance  of  the  port  too  perilous.  The  list  of  contra- 
band of  war  was  extended  by  both  belligerents  until  it 
comprehended  almost  every  useful  article  grown, 
rr.ir/'^I.  or  rc:ri.nvJr<i(.\'\ri'A,  But  the  amendirient  to 
irit.f:rr:rj^ionaI  lav;  -.vhich  actor!  as  new  fuel  for  the 
flam^' ,  of  '.var.  '.vhi^h  arou.ser]  the  utmost  world-wide 
\nf\\'^\rxuy\( ,r\ ,  and  v/hirh  finally  dragged  the  United 
St.at.f-;  into  the  oonflirt,  was  that  by  which  Germany 
:;ou;.^ht  \/>  r^-Ii^-v^-  her  submanne  commanders  of  the 
Au^y  of  vi..i*in;i  and  searching  a  vessel,  or  of  gi\ang 
it/-;  [K'oplf  tirr.<;  to  provide  for  their  safety,  before 
sinking  it. 

The  ^/cnnan  argument  was  that  the  submarine  was 
unknown  when  the  code  of  international  law  then  in 
fr,r''c  wris  formulated.  It  was  a  peculiarly  delicate 
nnval  w<'\'i]')on.  Its  strength  lay  in  its  ability  to  keep 
itself  concealed  while  delivering  its  attack.     If  exposed 
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on  the  surface  a  shot  from  a  small  calibred  gun  strikiiig 
in  a  vital  point  would  instantly  send  it  to  the  bottom. 
If  rammed  it  was  lost.  Should  a  submarine  rise  to  the 
surface,  send  an  officer  aboard  a  ship  it  had  halted,  and 
await  the  result  of  his  search,  it  would  be  exposed 
all  the  time  to  destruction  at  the  hands  of  enemy 
vessels  coming  up  to  her  aid.  Indeed  if  the  merchant- 
man happened  to  carry  one  gun  a  single  shot  might 
put  the  assailant  out  of  business.  Accordingly  the 
practice  grew  up  among  the  Germans  of  launching  their 
torpedoes  without  a  word  of  warning  at  their  helpless 
victim.  The  wound  inflicted  by  a  torpedo  is  such  that 
the  ship  will  go  down  in  but  a  few  minutes  carrying 
with  it  most  of  the  people  aboard.  The  most  glaring, 
inexcusable,  and  criminal  instance  of  this  sort  of  war- 
fare was  the  sinking  without  warning  of  the  great  passen- 
ger liner,  Lusitania,  by  which  more  than  eleven  hundred 
people  were  drowned,  one  hundred  and  fourteen  of 
them  American  citizens. 

Against  this  policy — or  piracy — the  United  States 
protested,  and  people  of  this  country  waxed  very 
weary  as  month  after  month  through  the  years  1915 
and  1916  Germany  met  the  protests  with  polite  letters 
of  evasion  and  excuse  continuing  the  while  the  very 
practice  complained  of.  But  late  in  January,  1917, 
her  government  announced  that  there  would  be  no 
longer  any  pretence  of  complying  with  international 
law,  but  that  with  the  coming  month  a  campaign  of 
imlimited  submarine  ruthlessness  would  be  begun  and 
ships  sunk  without  warning  and  irrespective  of  their 
nationality  if  they  appeared  in  certain  prohibited 
zones.  Within  twenty-four  hours  the  United  States 
sent  the  German  Ambassador  from  the  country  and 
within  two  months  we  were  at  war. 
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At  once  the  submarine  was  seen  to  be  the  great  prob- 
lem confronting  us.  Its  attack  was  not  so  mnch  upoa 
tbe  United  States,  for  we  are  a  self-contained  nation 
able  to  raise  all  that  we  need  within  our  own  borders 
for  our  own  support.  But  Englaiul  is  a  nation  that  has 
to  be  fed  from  without.  Seldom  are  her  st<»es  of  food 
great  enough  to  avert  starvation  for  more  than  six  weeks 
should  the  steady  flow  of  supply  ships  from  America 
and  Australia  to  her  ports  be  intenupted.  This 
interruption  the  Germans  proposed  to  ^ect  by  means 
of  their  under-water  boats.  Von  Tirpitz  and  other 
leaders  in  the  German  administration  i»oimsed  the 
people  that  within  six  weeks  England  would  be  starved 
and  begging  for  peace  at  any  price.  The  output  of 
submarines  from  German  navy  yards  was  greatly  in- 
creased. Their  activity  became  terrifying.  The  Ger- 
mans estimated  that  if  they  could  sink  1,000,000  tons 
of  shipping  monthly  they  would  put  England  out  of 
action  in  two  or  three  months.  For  some  weeks  the 
destruction  accomplished  by  their  boats  narrowly 
approached  this  estimate,  but  gradually  fell  off.  At  the 
same  time  there  was  no  period  in  1917  up  to  the  time 
of  Admiral  Peary's  statement,  or  indeed  up  to  that 
of  the  preparation  of  this  book^  when  it  was  not  felt 
that  the  cause  of  the  Allies  was  in  danger  because  of  the 
swarms  of  German  submarines. 

It  was  that  feeling,  coupled  with  the  wide-spread 
belief  that  aircraft  furnished  the  best  means  of  combating 
the  submarine,  that  caused  an  Irresistible  demand 
in  the  United  States  for  the  construction  of  colossal 
fleets  of  these  flying  crafts.  Congress  enacted  in  mid- 
summer the  law  appropriating  $640,000,000  for  the 
construction  of  aircraft  and  the  maintenance  of  the 
atrial  service.    The  Secretaries  of  War  and  the  Navy 


1 


The  United  States  at  War 

each  appealed  for  heavy  additional  appropriations  for 
aerial  service.  Theargumentswhichhave  already  been 
set  forth  as  supporting  the  use  of  aircraft  in  military 
service  were  paralleled  by  those  who  urge  its  unlimited 
use  in  naval  service. 

Consider  [said  they]  the  primary  need  for  attacking 
these  vipers  of  the  sea  in  their  nests.  Once  out  on  the 
broad  Atlantic  their  chances  of  roaming  about  undetected 
by  destroyers  or  other  patrol  boats  are  almost  unlimited. 
But  we  know  where  they  come  from,  from  Kiel,  Antwerp, 
Wilhelmshaven,  Ostend,  and  Zeebrugge.  Catch  them  there 
and  you  will  destroy  them  as  boys  destroy  hornets  by 
smoking  out  their  nests.  But  against  this  the  Germans 
have  provided  by  blocking  every  avenue  of  approach  save 
one.  The  channels  are  obstructed  and  mined,  and  guarded 
from  the  shore  by  heavy  batteries.  No  hostile  ships  dare 
run  that  gauntlet.  Even  the  much-boasted  British  navy 
in  the  three  years  of  the  war  has  not  ventured  to  attack  a 
single  naval  base.  You  could  not  even  seek  out  the  sub- 
marines thus  sheltered  by  other  submarines  because  run- 
ning below  the  surface  our  boats  could  not  detect  either 
mines  or  nets  and  would  be  doomed  to  destruction.  The 
enemy  boats  come  out  on  the  surface  protected  by  the  bat- 
teries and  naval  craft.  But  the  air  cannot  be  blocked  by  any 
fixed  defences.  Give  us  more  and  more  powerful  aircraft 
than  the  Germans  possess  and  we  will  darken  the  sky  above 
the  German  bases  with  the  wings  of  our  airplanes,  and  rain 
explosive  shells  upon  the  submarines  that  have  taken 
shelter  there  until  none  survive. 

The  one  essential  is  that  our  flyers  shall  be  in  overwhelm- 
ing nimibers.  We  must  be  able  not  only  to  take  care  of 
any  flying  force  that  the  Gennans  may  send  against  us,  but 
also  to  have  enough  of  ovx  aircraft  not  engaged  in  the  aerial 
battle  to  devote  their  entire  attention  to  the  destruction  of 
the  enemy  forces  below. 


196 


Aircraft  and  Submarines 


From  every  country  allied  with  us  came  appitjval 
of  this  policy.  At  the  time  the  debate  was  pending 
ia  Congress  our  Allies  one  after  anocher  were  sending 
to  us  official  oommisEioas  to  ooosult  apon  the  ooodoct 
oC  the  war,  to  give  us  the  benefit  of  their  long  and  bitter 
experience  in  it,  and  to  assist  in  any  way  our  prepara- 
tioni  for  taking  a  decisive  part  in  that  combat.  The 
subject  of  the  part  to  be  played  by  aircraft  was  ooe 
irequently  discussed  with  them.  With  the  French 
commisaoa  came  two  members  of  the  staff  of  General 
Joffre,  Major  Tulasnc  and  Lieutenant  de  la  Grange, 
experts  in  aviation  service.  A  formal  inter\'iew  given 
out  by  these  gentlemen  expressed  so  clearly  the  point 
of  view  on  aviation  and  its  possibilities  held  in  France 
where  it  has  reached  its  highest  development  that 
some  extracts  from  it  will  be  of  interest  here: 


"  At  the  beginning  of  the  war  the  Germans  were  the  only 
ones  who  had  realized  the  great  importance  of  aviation 
from  a  military  point  of  view,"  said  these  officers. 

"  France  had  looked  upon  aviation  as  a  sport,  Germany  as 
a  powerfu!  weapon  in  war.  This  is  illustrated  by  the  fact 
that  even  in  August,  1914,  German  artillery  fire  was  directed 
by  airplanes. 

"It  was  only  after  the  retreat  from  Belgium  and  the 
battle  of  the  Mame  that  the  Allies  realized  the  great  im- 
portance of  aviation.  Between  August  15  and  25  the 
French  General  Staff  thought  that  the  greater  part  of  the 
German  army  was  concentrated  in  Alsace  and  that  only  a 
few  army  corps  were  coming  through  Belgium.  It  was  only 
through  the  reports  of  the  aviators  that  they  realized  that 
this  was  a  mistake  and  that  almost  the  whole  of  the  German 
army  was  invading  Belgium. 

"  Immediately  after  the  battle  of  the  Mame  the  greatest 
efforts  were  made  in  France  to  develop  the  aviation  corps 
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in  every  possible  way.  The  English  army,  then  in  process 
of  fonnation,  profited  by  the  experience  of  the  French. 
Since  that  time  the  allied  as  well  as  the  German  aviation 
corps  has  grown  constantly. 

"A  modem  army  is  incomplete  if  it  has  not  a  strong  avia- 
tion corps.  All  the  different  services  are  obliged  to  turn 
to  the  aviation  corps  for  help  in  their  work.  An  army 
without  airplanes  is  like  a  soldier  without  eyes.  An  army 
which  has  the  superiority  in  aviation  over  its  adversary 
will  have  the  following  advantages: 

"  It  will  have  constantly  the  latest  information  on  the 
movements  of  the  enemy.  In  this  way,  no  concentration 
of  troops  will  be  ignored  and  no  surprise  attack  will  be 
possible.  The  attack  against  the  enemy  positions  will  be 
rendered  easier  because  all  the  details  of  these  positions  will 
be  thoroughly  known  beforehand.  The  artillery  fire  will 
be  much  more  accurate.  Many  enemy  machines  will  be 
brought  down  by  the  superior  fighting  machines  and  the 
residt  will  be  to  strengthen  the  morale  both  of  the  aviators 
and  of  the  army." 

The  next  question  put  to  the  French  experts  was :  '  *  Why 
do  we  need  to  make  a  great  effort  to  obtain  the  superiority 
in  the  air?"  They  answered  with  much  interesting 
detail : 

"Because  the  Germans  have  understood  the  importance 
of  aviation  from  a  military  point  of  view  and  have  con- 
centrated all  their  forces  to  develop  this  service. 

"Owing  to  the  large  mmiber  of  scientists  and  technicians 
they  possess  they  are  able  constantly  to  perfect  motors 
and  planes.  Owing  to  their  great  industrial  organization 
they  are  able  to  produce  an  enormous  number  of  the  best 
machines. 

"The  German  aviation  service  is  now  fully  as  strong  as 
that  of  the  Allies  as  far  as  numbers  are  concerned.  The 
superiority  in  the  air  can  only  remain  in  the  hands  of  the 
Allies  because  of  the  spirit  of  self-sacrifice  of  their  aviators 
and  their  greater  skill. 
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"  Gennany  feels  that  the  decisive  phase  of  the  war  is  immi- 
nent and  the  efforts  she  will  make  next  year  will  be  infinitely 
greater  than  any  she  has  made  before.  She  will  try  in 
every  way  to  regain  the  supremacy  of  the  air.  Realizing 
what  a  fonnidable  enemy  America  can  be  in  the  air,  ahe 
will  atrcngtheo  her  aviation  forces  in  consequence. 

"The  aeroplane  is  by  far  the  most  powerful  of  all  the 
modem  weapons.  If  the  Allies  have  the  si^iremacy  of  the 
air  the  Germaa  artillery  will  lose  its  accuracy  of  aim.  It  is 
tropowible,  because  <rf  the  long  range,  for  modem  gons  to 
fire  withoat  the  help  of  atrptanes.  The  accuracy  of  artillery 
fire  depends  entirely  on  its  being  directed  by  an  airplane. 

"This  was  clearly  illustrated  daring  the  battle  of  the 
Somme  in  1916.  The  French  at  that  time  had  concentrated 
foch  a  large  number  of  fighting  machines  that  no  German 
machine  was  allowed  to  By  over  the  lines.  On  the  other 
hand,  the  Allies'  reconnaissance  machines  were  so  numerous 
that  each  French  battery  could  have  its  fire  directed  by  an 
airplane. 

"The  destruction  of  the  enemy  positions  was  in  conse- 
i)uence  carried  out  very  effectively  and  very  rapidly,  while 
the  fitrmans  were  obliged  to  fire  blindly  and  scatter  their 
shells  over  large  areas,  incapable  as  they  were  of  locating  our 
battery  emplacements  and  the  positions  of  our  troops. 
Unluckily,  a  few  weeks  later  the  Germans  had  called  from 
the  different  parts  of  the  line  a  good  many  of  their  squad- 
rons, and  were  able  to  carry  out  their  work  imder  better 
conditions. 

"  We  need  such  a  superiority  that  it  will  be  impossible  for 
any  German  airplane  to  fly  anywhere  near  the  lines. 

"Every  German  kite  balloon,  every  airplane  would 
immediately  be  attacked  by  a  number  of  allied  macbiaes. 
In  this  way  the  German  aviation  will  not  only  be  dominated 
but  will  be  entirely  crushed. 

"If  we  can  prevent  the  Germans  from  seeing,  through 
their  airplanes,  what  we  are  preparing  we  will  be  very 
near  the  end  of  the  war.    It  will  require  a  huge  effort  to 
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carry  out  this  plan.    Neither  the  English  nor  the  French 
are  able  to  do  so  by  their  own  means. 

"As  far  as  Prance  is  concerned,  she  is  able  to  keep  on  build- 
ing machines  rapidly  enough  to  increase  her  aviation  corps 
at  about  the  same  rate  as  Germany  is  increasing  hers.  If 
she  wanted  to  double  or  triple  her  production  of  machines 
she  could  do  so,  but  she  would  have  to  call  back  from  the 
trenches  a  certain  number  of  skilled  workmen,  and  this 
would  weaken  her  fighting  power.  She  needs  in  the  trenches 
all  the  men  who  are  able  to  carry  a  rifie. 

**If  the  Allies  are  to  have  the  absolute  supremacy  of  the 
air  which  we  have  been  describing  it  will  be  the  privilege 
of  America  to  give  it  to  them.  We  want  three  or  four  or 
even  five  allied  machines  for  one  German.  America  only 
has  the  possibilities  of  production  which  would  allow  her 
to  build  an  enormous  number  of  machines  in  a  very  short 
time. 

"The  airplane  is  a  great  engine  of  destruction.  It  tells 
the  artillery  where  to  fire,  it  drops  bombs,  it  gives  the 
enemy  all  the  information  he  needs  to  plan  murderous 
attacks.  Drive  the  German  airplanes  down  and  you  will 
save  the  lives  of  thousands  of  men  in  our  trenches.  As 
Ulysses  in  the  cavern  put  out  the  eye  of  the  Cyclops,  so 
the  eyes  of  the  beast  must  be  put  out  before  you  can  attempt 
to  kiU  it." 

Major  Tulasne  and  Lieutenant  de  la  Grange  then  out- 
lined what  the  aviation  programme  of  the  United  States 
should  be,  saying  : 

"American  industry  must  be  enabled  to  begin  building 
at  once.  No  time  must  be  lost  in  experiments.  America 
must  profit  by  the  experience  of  the  Allies.  She  must 
choose  the  best  planes  and  build  thousands  of  them. 

"She  must  build  reconnoissance  machines  which  she  will 
need  for  her  army ;  she  must  build  a  large  number  of  fighting 
machines  because  it  is  these  machines  that  will  destroy 
German  planes;  she  must  also  build  squadrons  of  powerful 
bombing  machines  which  will  go  behind  the  German  lines 
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"The  worlc  of  the  bombing  macfainea  ia  rendered  diffi- 
cult now  by  the  fact  that  the  actual  lines  are  far  &cm 
Gennany,  But  it  is  hoped  that  soon  fighting  will  be  carried 
on  near  the  enemy  frontier  and  then  a  wonderful  field  will 
be  opened  to  the  bombing  machines. 

"All  the  bii;  ammunition  factories  which  are  in  the  Rhine 
and  Ruhr  valleys,  like  Krupp's,  will  be  wonderful  targets 
for  the  American  bombing  machines.  If  these  machines 
are  of  the  proper  type — that  is  to  say,  sufficiently  fast  and 
well  armed  and  able  to  carry  a  great  weight  of  bombs — 
nothing  will  prevent  them  from  destroying  any  of  these 
important  factories. 

"As  Germany  at  the  present  time  is  only  able  to  continue 
the  war  because  of  her  great  stock  of  war  material  the 
destruction  of  her  sources  of  production  would  be  the  end 
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of  her  resistance.  For  this  also  the  Allies  must  ttim  to 
America.  Such  a  large  nimiber  of  machines  is  required 
to  produce  results  that  America  must  be  relied  on  to  manu- 
facttu^  them. 

"Every  man  in  this  cotmtry  must  know  that  it  is  in  the 
power  of  the  United  States,  no  matter  what  can  be  done  in 
other  fields,  to  bring  the  war  to  an  end  simply  by  concentrat- 
ing all  its  energies  on  producing  an  enormous  amount  of 
material  for  aviation,  and  to  enlist  a  corresponding  number 
of  pilots.  But  this  will  not  be  done  without  great  effort. 
In  order  to  be  ready  for  the  great  191 8  offensive  work  must 
be  begun  at  once." 

The  extreme  secrecy  which  in  this  war  has  char- 
acterized the  operation  of  the  governments — our 
own  most  of  all — makes  it  impossible  to  state  the 
amoimt  of  progress  made  in  191 7  in  the  construction 
of  our  aerial  fleet.  During  the  debate  in  Congress 
orators  were  very  outspoken  in  their  prophecies  that 
we  should  outntunber  the  Kaiser's  flying  fleet  two  or 
three  to  one.  The  press  of  the  nation  was  so  very 
explicit  in  its  descriptions  of  the  way  in  which  we 
were  to  blind  the  Germans  and  drive  them  from  the 
air  that  it  is  no  wonder  the  Kaiser's  government  took 
alarm,  and  set  about  building  additional  aircraft  with 
feverish  zeal.  In  this  it  was  imitated  by  France  and 
England.  It  seemed,  all  at  once  about  the  middle  of 
1917,  that  the  whole  belligerent  world  suddenly  recog- 
nized the  air  as  the  final  battlefield  and  began  prepara- 
tions for  its  conquest. 

All  statistical  estimates  in  war  time  are  subject  to 
doubt  as  to  their  accuracy — ^and  particularly  those 
having  to  do  in  any  way  with  the  activities  of  an  enemy 
country.  But  competent  estimators — or  at  any  rate 
shrewd  guessers — ^think  that  Germany*s  facilities  for 
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coostructiog  airplanes  equal  those  of  Prance  and  Eng- 
land together.  If  then  all  three  nations  build  to  the 
very  limit  of  their  abilities  there  will  be  a  tie,  which  the 
contribution  of  aircraft  from  the  United  States  will 
settle  overwhelmingly  in  favour  of  the  Allies.  How 
great  that  contribution  may  be  cannot  be  foretold  with 
certainty  at  this  moment.  The  building  of  aircraft 
was  a  decidedly  infant  industry  in  this  country  when 
war  began.  In  the  eight  years  prior  to  1916  the  govern- 
ment had  given  orders  for  just  fifty-nine  aircraft — 
scarcely  enough  to  justify  manufacturers  in  laeping 
their  shops  open.  Orders  from  foreign  governments, 
however,  stimulated  production  after  the  war  began 
so  that  when  the  United  States  belatedly  took  her 
place  as  national  honour  and  national  safety  demanded 
among  the  Entente  Allies,  Mr.  Howard  E.  Coffin,  Chair- 
man of  the  Aircraft  Section  of  the  Council  of  National 
Defence  was  able  to  report  eight  companies  capable  of 
turning  out  about  14,000  machines  in  six  months — a 
better  Hhowing  than  British  manufacturers  could  have 
made  when  Great  Britain  first  entered  the  war. 

A  feature  in  the  situation  which  impressed  both 
Congress  and  the  American  people  was  the  exposure 
by  various  military  experts  of  the  defenceless  condition 
of  New  York  City  against  an  air  raid  by  a  hostile  foreign 
power.  At  the  moment,  of  course,  there  was  no  danger. 
The  only  hostile  foreign  power  with  any  considerable 
naval  or  aerial  force  was  Germany  and  her  fleet  was 
securely  bottled  up  in  her  own  harbours  by  the  over- 
powering fleet  of  Great  Britain.  Yet  if  one  could 
imagine  the  British  fleet  reduced  to  inefficiency,  let  us 
say  by  a  futile,  suicidal  attack  upon  Kiel  or  Heligoland 
which  would  leave  it  crippled,  and  free  the  Germans, 
or  if  we  could  conceive  that  the  German  threat  to  reduce 
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Great  Britain  to  subjection  by  the  submarine  campaign, 
proved  effective,  the  peril  of  New  York  would  then  be 
very  real  and  very  immediate.  For,  although  the 
harbour  defences  are  declared  by  military  authorities 
to  be  practically  impregnable  against  attack  by  sea, 
they  would  not  be  effective  against  an  attack  from  the 
air.  A  hostile  fleet  carrying  a  ntmiber  of  seaplanes 
could  roimd-to  out  of  range  of  our  shore  batteries  and 
loose  their  flyers  who  could  within  less  than  an  hour  be 
dropping  bombs  on  the  most  congested  section  of 
Manhattan  Island.  It  is  true  that  our  own  navy  would 
have  to  be  evaded  in  such  case,  but  the  attack  might 
be  made  from  points  more  distant  from  New  York  and 
at  which  no  scouts  would  ever  dream  of  looking  for 
an  enemy. 

The  development  in  later  months  of  the  big  heavily 
armed  cruising  machines  makes  the  menace  to  any 
seaport  city  like  New  York  still  greater.  The  Germans 
have  built  great  biplanes  with  two  fusilages,  or  bodies, 
armoured,  carrying  two  machine  guns  and  one  auto- 
matic rifle  to  each  body.  They  have  twin  engines  of 
three  hundred  and  forty  horse  power  and  carry  a  crew 
of  six  men.  They  are  able  in  an  emergency  to  keep 
the  air  for  not  less  than  three  days.  It  is  obvious  that 
a  small  fleet  of  such  machines  launched  from  the  deck  of 
a  hostile  squadron,  let  us  say  in  the  neighbourhood  of 
Block  Island,  could  menace  equally  Boston  or  New 
York,  or  by  flying  up  the  Sound  could  work  ruin  and 
desolation  upon  all  the  defenceless  cities  bordering  that 
body  of  water. 

Nor  are  the  Germans  alone  in  possessing  machines  of 
this  type.  The  giant  Sikorsky  machines  of  Russia, 
mentioned  in  an  earlier  chapter,  have  during  the  war 
been  developed  into  types  capable  of  carrying  crews  of 
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twenty-five  men  with  gtins  and  amnnnotion.  The 
French,  after  having  brought  down  one  of  the  b^ 
German  machines  with  the  doable  bodies,  instantly 
began  building  aircraft  ai  their  own  of  an  even  superior 
type.  Some  of  these  are  driven  by  four  tnotors  and 
cany  eleven  persons,  besides  gaas  and  ammnmtion. 
The  Caproni  machines  of  Italy  arc  even  b^er — cap- 
able of  carrying  nine  guns  and  thirty-five  men.  Tbc 
Congressional  Committee  was  much  impressed  bv 
oonaderation  of  what  might  be  done  by  a  small  fleet 
of  aircraft  of  this  type  launched  from  a  hostile  sqaadmn 
off  the  Capes  of  Chesapeake  Bay  and  'iperating  against 
Washington.  It  is  not  Ukely  that  any  toreign  foe 
advancing  by  land  could  repeat  the  e^iploit  at  the 
British  who  burned  the  capitol  in  1812.  But  in  our 
present  defenceless  state  a  dozen  aircraft  of  the  largest 
type  might  reduce  the  national  capitol  to  ruins. 

If  an  enemy  well  provided  with  aerial  force  possesses 
sach  power  of  offence  an  equal  power  of  dHWif^fi  is 
givpn  r.o  the  nation  ar  nil  w«Il  provided  with  flying  craft. 
In  imitation,  or  perhaps  rather  in  modification,  of  the 
English  plan  for  guarding  the  coasts  of  Great  Britain, 
a  well  matured  system  of  defending  the  .\merican 
coasts  has  been  worked  out  and  submitted  to  the 
national  authorities.  It  involves  the  division  of  the 
coasts  of  the  United  States  into  thirteen  aeronautical 
districts,  each  with  aeronautical  stations  established 
at  suitable  points  and  all  in  communication  with  each 
Other.  Eight  of  these  districts  would  be  laid  out  on  the 
Atlantic  Coast  extending  from  the  northern  boundary 
of  Maine  to  the  Rio  Grande  River. 

Just  what  the  purpose  and  value  of  these  districts 
would  be  may  be  explained  by  taking  the  case,  not  of 
a  typical  one,  but  of  the  most  important  one  of  aQ. 
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the  third  district  including  the  coast  Une  from  New 
London,  Conn.,  to  Bamegat  Inlet,  New  Jersey.  This 
of  course  includes  New  York  and  adjacent  commercial 
centres  and  the  entrance  to  Long  Island  Sound  with  its 
long  line  of  thriving  cities  and  the  ports  of  the  places 
from  which  come  our  chief  supplies  of  munitions  of 
war.  It  includes  the  part  of  the  United  States  which 
an  enemy  would  most  covet.  The  part  which  at  once 
would  furnish  the  richest  plunder,  and  possession  of 
which  by  a  foe  would  most  cripple  this  nation.  To- 
day it  is  defended  by  stationary  guns  in  land  fortresses 
and  in  time  of  attack  would  be  further  guarded  by  a 
fringe  of  cruising  naval  vessels.  Apparently  up  to  the 
middle  of  1917  the  government  thought  no  aerial 
watch  was  needed. 

But  if  we  were  to  follow  the  methods  which  all  the 
belligerent  nations  of  Europe  are  employing  on  their 
sea  coasts  we  would  establish  in  this  district  ten  aero- 
nautical stations.  This  would  be  no  match  for  the 
British  system  which  has  one  such  station  to  every 
twenty  miles  of  coast.  Ours  would  be  farther  apart, 
but  as  the  Sound  could  be  guarded  at  its  entrance  the 
stations  need  only  be  maintained  along  the  south  shore 
of  Long  Island  and  down  the  Jersey  coast.  Each  sta- 
tion would  be  provided  with  patrol,  fighting,  and 
observation  airplanes.  It  would  have  the  mechanical 
equipment  of  microphones,  searchlights,  and  other 
devices  for  detecting  the  approach  of  an  enemy  now 
employed  successfully  abroad.  Its  patrolling  airplanes 
would  cruise  constantly  far  out  to  sea,  not  less  than 
eighty  miles,  keeping  ever  in  touch  with  their  station. 
As  the  horizon  visible  from  a  soaring  airplane  is  not  less 
than  fifty  miles  distant  from  the  observer,  this  would 
mean  that  no  enemy  fleet  could  approach  within  130 
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miles  of  our  coast  without  detection  and  report.  Tlie 
Moataak  Point  station  would  be  charged  with  guarding 
Che  entrance  to  Long  Island  Sound  and  rhs  waters  of 
Nantucket  shoals  and  Block  Island  Sound  where  the 
German  submarine  U-53  did  its  deadly  work  in  1916. 
The  Sandy  Hook  station  would  of  couzse  be  the  roost 
important  of  all,  guarding  New  York  ae^oing  com- 
merce and  protecting  the  ship  cfaannel  by  a  constant 
patrol  of  aiiTxaft  over  it. 

The  modem  airplane  has  a  speed  of  from  e^faty  to  one 
hundred  and  sixty  miles  an  hour — the  latter  rate  being 
attained  only  by  the  light  scouts.  Thus  it  is  apparent 
that  if  an  alarm  were  raised  at  any  one  oi  these  stations 
between  New  London  and  Bam^;at  three  hours  at 
most  would  suffice  to  bring  the  Oghting  equipment  of 
all  :he  stations  to  the  point  threatened.  There  would 
be  thus  concentrated  a  fleet  cf  several  hundred  swift 
scouts,  heavy  fighting  machines,  the  torpedo  planes  of 
the  type  desig^ied  by  Admiral  Hske,  hydro-aeropianes 
capable  of  carrying  heavy  guns  and  in  brief  every 
form  of  aerial  fighter.  Moreover,  by  use  of  the  wireless, 
every  ship  of  the  Navy  within  a  radius  of  several 
htmdred  miles  would  be  notified  of  the  menace.  They 
could  not  reach  the  scene  of  action  so  swiftly  as  the 
flying  men  but  the  former  would  be  able  to  hold  the  foe 
in  action  until  the  heavier  ships  should  arrive. 

The  enormous  advantage  of  such  a  system  of  guarding 
our  coasts  needs  no  further  explanation.  It  is  not 
even  experimental,  for  France  on  her  limited  coast  has 
150  such  stations-  England,  which  started  the  war 
with  18,  had  114  in  1917  and  was  still  building.  We 
at  that  time  had  none,  although  the  extent  of  our  sea 
coast  and  the  great  multiplicity  of  practicable  harbours 
make  us  more  vulnerable  than  any  other  nation. 


CHAPTER  X 

SOME  FEATURES  OF  AERIAL  WARFARE 

As  devices  to  translate  German  hate  for  England 
into  deeds  of  bloody  malignancy  and  cowardly  murder 
the  German  aircraft  have  ranked  supreme.  The  ruth- 
less submarine  war  has  indeed  done  something  toward 
working  off  this  peculiar  passion,  but  it  lacked  the 
spectacular  qualities  which  German  wrath  demanded. 
As  the  war  proceeded,  and  it  became  apparent  that  the 
participation  of  Great  Britain — at  first  wholly  imex- 
pected  by  the  Kaiser's  advisers — was  certain  to  defeat 
the  German  aims,  the  authorities  carefully  inculcated 
in  the  minds  of  the  people  the  most  malignant  hatred 
for  that  power.  As  Lissauer's  famous  hymn  of  hate 
had  it — 

French  and  Russians  it  matters  not, 

A  blow  for  a  blow,  and  a  shot  for  a  shot . 


We  have  one  foe  and  one  alone — 
England! 

By  way  of  at  once  gratifying  this  hatred  and  still 

further  stimulating  it  the  German  military  authorities 

began  early  in  the  war  a  series  of  air  raids  upon  English 

towns.    Tbey  were  of  more  than  doubtful  military 
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value.  They-  damaged  no  militaiy  or  naval  works. 
Tbey  aroused  Uie  savage  ire  of  the  Biitisfa  people  who 
saw  tbeir  children  slain  in  schools  and  their  wounded  in 
hospitals  by  bombs  dropped  from  the  sky  and  saaight- 
way  rushed  oS  to  enlist  against  so  callous  and  barbaric 
a  foe.  But  the  raids  served  their  political  purpose  by 
making  the  German  people  believe  that  the  British 
weie  suffering  aH  the  horrors  of  war  on  their  own  scnl. 
vrinla  the'  iron  line  oi  trenches  drawn  across  Prance 
by  the  German  troops  kept  the  invader  and  war's 
aggoies  far  from  the  soil  of  the  Fatherland. 

The  first  German  air  raids  were  by  Zeppelins  on  little 
Rn^ish  seaside  towns — Scarborough.  Hartlepool,  and 
Harwich.  Except  in  so  far  as  they  inflicted  mutila- 
tioa  and  death  upcm  many  non-combatants,  mostly 
women  and  children,  and  misery  upon  their  relatives 
and  friends  they  were  without  effect.  But  early  in 
1915  began  a  systematic  series  of  raids  upon  London, 
;rtiich,  by  October  of  1917,  had  totalled  timxy-foor. 
with  a  :olI  of  865  persons  killed,  and  2500  wounded. 
It  seems  fair  to  say  that  for  these  raids  there  was  more 
plausible  excuse  than  for  those  on  the  peaceful  little 
seaside  bathing  resorts  and  fishing  villages.  London 
is  full  of  military  and  naval  centres,  arsenals  and  navy 
yards,  executive  offices  and  centres  of  war-hke  activity. 
An  incendiary  bomb  dropped  into  the  Bank  of  England. 
or  the  Admiralty,  might  paralyze  the  finances  of  the 
Empire,  or  throw  the  naval  organization  into  a  state  of 
anarchy.  But  as  a  matter  of  fact  the  German  bombs 
did  nothing  of  the  sort.  They  fell  in  the  congested 
districts  of  London,  "the  crowded  warrens  of  the  poor." 
They  spread  wounds  and  death  among  peaceable 
theatre  audiences.  One  dropped  on  a  'bus  loaded 
with  passengers  homeward  bound,  and  obliterated  it 
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and  them  from  the  face  of  the  earth.  But  no  building 
of  the  least  military  importance  sustained  any  injury. 
It  is  true,  however,  that  the  persistent  raiding  has 
compelled  England  to  withhold  from  the  fighting  lines 
in  France  several  thousand  men  and  several  hundred 
guns  in  order  to  be  in  readiness  to  meet  air  raids  in 
which  Germany  has  never  employed  more  than  fifty 
machines  and  at  most  two  hundred  men,  including 
both  aviators  and  mechanics. 

It  is  entirely  probable  that  the  failure  of  the  Germans 
to  strike  targets  of  military  importance  and  the  slaugh- 
ter they  wrought  among  peaceful  civilians  were  due 
to  no  intent  or  purpose  on  their  part.  Hitting  a  chosen 
target  from  the  air  is  no  matter  of  certainty.  The 
bomb  intended  for  the  railway  station  is  quite  as  likely 
to  hit  the  adjacent  public  school  or  hospital.  If  the 
world  ever  recurs  to  that  moderate  degree  of  sanity  and 
civilization  which  shall  permit  wars,  but  strive  to  regu- 
late them  in  the  interest  of  humanity  this  untrustworth- 
iness  of  the  aircraft's  aim  will  corppel  some  form  of 
international  regulation,  just  as  the  vulnerability  of 
the  submarine  will  force  the  amendment  of  the  doctrine 
of  visitation  and  search.  But  neither  problem  can  be 
logically  and  reasonably  solved  in  the  middle  of  a  war. 
And  so,  while  the  German  violation  of  existing  inter- 
national law  had  the  uncomfortable  result  for  Germany 
of  bringing  the  United  States  into  the  war,  the  barbarous 
raids  upon  London  caused  the  British  at  last  to  turn 
aside  from  their  commendable  abstention  from  Jiir 
raids  on  unfortified  and  non-militaiy  towns  and  prepare 
for  reprisals  in  kind. 

From  the  beginning  of  the  war  the  British  had  ab- 
stained from  bombing  peaceful  and  non-military  towns. 
They  had  not  indeed  been  weak  in  the  employment  of 


310  Aircraft  and  Submarines 

tbdr  air  forces.  General  SmuES  speakdng  in  October. 
1917.  said  chat  the  British  had.  m  the  moath  previous, 
dropped  307  tons  of  bombs  behind  the  lines  at  the 
eaemy.  But  the  targets  were  LuiJiiHiigs,  nnESaiy 
^ntps,  arsenals  and  mttiritions  camps — not  bospitals 
or  Idndeigarcens.  The  time  had  now  comer  when 
this  partiy  adSxsay  campaign  oo  looger  satisfied  an 
cnr&flBQ  BnXiso  people  wbo  nfinandfd  the  ^TtfinfT**^****"t 
of  the  Mosaic  law  of  an  eye  for  an  eye  and  a  tooth  ioc 
a  tooth,  against  a  people  whotn  General  Smcis  described 
iM  '-'an  enemy  who  apparently  recognizes  no  laws, 
boman  or  divine;  who  laiows  no  pity  or  restraint, 
wbo  sang  Te  Denms  over  the  sinking  ot  the  Lusitama, 
and  to  whom  the  maiming  and  slaughter  of  wrsnen  and 
children  appear  legitimate  means  of  warfare." 

And  Premier  Lloyd  GeoiBe,  speaking  to  an  audience 
of  poor  people  in  one  of  the  congested  districts  which 
had  suffered  sorely  from  the  aerial  actiriiies  of  the  Hun. 
said: 

"We  win  give  it  all  back  to  them,  and  we  win  give 
it  soon.  We  shall  bomb  Gennany  with  compound 
interest," 

But  whether  undertaken  as  part  of  a  general  pro- 
gramme of  frightfulness  or  as  reprisals  for  cruel  and  inde- 
fensible outrages  air  raids  upon  defenceless  towns,  killing 
peaceable  citizens  in  their  beds,  and  children  in  their 
kindergartens,  are  not  incidents  to  add  glory  to  avia- 
tion. The  mind  turns  with  relief  from  such  examples 
of  the  cruel  misuse  of  aircraft  to  the  hosts  of  individual 
instances  in  which  the  airman  and  his  machine  remind 
one  of  the  doughty  Sir  Knight  and  his  charger  in  the 
most  gallant  days  of  chivahy.  There  were  hosts  of 
such  incidents — men  who  fought  gallantly  and  who 
always  fought  fair,  men  who  hung  about  the  outskirts 
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of  an  atrial  battle  waiting  for  some  individual  cham- 
pion of  their  own  choosing  to  show  himself  and  join 
in  battle  to  death  in  the  high  ranges  of  the  sky.  Some 
of  these  have  been  mentioned  in  this  book  already. 
To  discuss  all  who  even  as  early  as  191 7  had  made 
their  names  memorable  would  require  a  volume  in 
itself.    A  few  may  well  be  mentioned  below. 

There,  for  example,  was  Captain  Georges  Guynemer, 
"King  of  the  French  Aces."  An  **ace"  is  an  aviator 
who  has  brought  down  five  enemy  aircraft.  Guy- 
nemer  had  fifty-three  to  his  credit.  Still  a  youth, 
only  twenty-three  years  of  age  at  the  time  of  his  death, 
and  only  flying  for  twenty-one  months,  he  had  lived 
out  several  life  times  in  the  mad  excitement  of  combat 
in  midair.  Within  three  weeks  after  getting  his  avia- 
tor's license  he  had  become  an  **Ace."  Before  his 
first  year's  service  had  expired  he  was  decorated  and 
promoted  for  gallantry  in  rushing  to  the  aid  of  a  com- 
rade attacked  by  five  enemy  machines.  He  entered 
the  combat  at  the  height  of  ten  thousand  feet,  and 
Liside  of  two  minutes  had  dropped  two  of  the  enemy. 
The  others  fled.  He  pursued  hotly  keeping  up  a 
steady  fire  with  his  machine  gun.  One  Boche  wavered 
and  fell,  but  just  then  an  enemy  shell  from  an  "Archie" 
far  below  exploded  under  Guynemer,  tearing  away  one 
wing  of  his  machine.  Let  him  tell  the  rest  of  that 
story: 

I  felt  myself  dropping  [he  said  later].  It  was  ten  thou- 
sand feet  to  the  earth,  and,  like  a  flash,  I  saw  my  funeral 
with  my  saddened  comrades  marching  behind  the  gun 
carriage  to  the  cemetery.  But  I  pulled  and  pushed  every 
lever  I  had,  but  nothing  would  check  my  terrific  descent. 

Five  thousand  feet  from  the  earth,  the  wrecked  machine 
b^an  to  turn  somersaults,  but  I  was  strapped  into  the 
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seat. .  I  do  not  know  what  it  was,  but  samething  bappened 
and  I  felt  tbe  speed  descent  lessen.  But  saddeuly  there 
was  a  tronendotis  crash  and  when  I  recovered  my  senses 
I  bad  been  takeo  £ram  the  wreckage  and  was  all  ri^t. 

Two  records  Giqmemer  made  which  have  not  yet 
been  surpassed — the  first,  tbe  one  described  above  of 
dropping  three  Fdldasts  in  two  minutes  and  thirty 
seconds,  and  rounding  off  the  adventure  by  himself 
dropping  ten  thousand  feet.  The  second  was  in  shoot- 
ing down  four  enemy  machines  in  one  d^y.  His 
methods  were  of  the  simplest.  He  was  always  alone 
in  his  machine,  which  was  the  lightest  available.  He 
would  rather  carry  more  gasoline  and  ammunition 
than  take  along  a  gunner,  Tbe  machine  gun  was 
mounted  on  the  plane  above  his  head,  pointing  dead 
ahead,  and  aimed  by  aiming  the  whole  airplane. 
Once  started  the  gun  continued  firing  automatically 
and  Guynemer's  task  was  to  follow  his  enemy  pitilessly 
keeping  that  lead-spitting  muzzle  steadily  bearing 
upon  him.  In  September,  1917,  he  went  up  to  attack 
five  enemy  machines — no  odds  however  appalling 
seemed  to  terrify  him — but  was  caught  in  a  fleet  of 
nearly  forty  Boches  and  fell  to  earth  in  the  enemy's 
country. 

One  of  the  last  of  the  air  duels  to  be  fought  under 
the  practices  which  made  early  air  service  so  vividly 
recall  the  age  of  chivalry,  was  that  in  which  Captain 
Immelman,  "The  Falcon,"  of  the  German  army, 
met  Captain  Ball  of  the  British  Royal  Plying  Corps. 
Immelman  had  a  record  of  fifty-one  British  airplanes 
downed.  Captain  Ball  was  desirous  of  wiping  out 
this  record  and  the  audacious  German  at  the  same 
time,  and  so  flying  over  the  German  lines  he  dropped 
this  letter: 
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GuTTAiN  Imhelman: 

I  challenge  you  to  a  man-to-man  fight  to  take  place 
this  afternoon  at  two  o'clock.  I  will  meet  you  over  the 
German  lines.  Have  your  anti-air  craft  gims  withhold 
their  fire,  while  we  decide  which  is  the  better  man.  The 
British  guns  will  be  silent. 

Ball. 

Presently  thereafter  this  answer  was  dropped  from 
a  German  airplane: 

Captain  Ball: 

Your  challenge  is  accepted.    The  guns  will  not  interfere. 

I  will  meet  you  promptly  at  two. 

Immelman. 

The  word  spread  far  and  wide  along  the  trenches  on 
both  sides.  Tacitly  all  firing  stopped  as  though  the 
bugles  had  simg  truce.  Men  left  cover  and  clambered 
up  on  the  top  to  watch  the  duel.  Ptmctually  both 
fliyers  rose  from  their  lines  and  made  their  way  down 
No  Man's  Land.     Let  an  eye  witness  tell  the  story: 

Prom  our  trenches  there  were  wild  cheers  for  Ball.  The 
Germans  yelled  just  as  vigorously  for  Immelman. 

The  cheers  from  the  trenches  continued;  the  Germans 
increased  in  volume;  ours  changed  into  cries  of  alarm. 

Ball,  thousands  of  feet  above  us  and  only  a  speck  in  the 
sky,  was  doing  the  craziest  things  imaginable.  He  was 
below  Immelman  and  was  apparently  making  no  effort  to 
get  above  him,  thus  gaining  the  advantage  of  position. 
Rather  he  was  swinging  aroimd,  this  way  and  that,  attempt- 
ing, it  seemed,  to  postpone  the  inevitable. 

We  saw  the  German's  machine  dip  over  preparatory  to 
starting  the  nose  dive. 

"He's  gone  now,"  sobbed  a  3^ung  soldier,  at  my  side, 
for  he  knew  Immelman 's  gun  would  start  its  raking  fire 
once  it  was  being  driven  straight  down. 
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Then  in  a  fraclion  of  a  second  the  tables  were  turned. 
Before  Immebnan's  plane  coold  get  into  dring  posinoo. 
Ball  diQ««  his  machine  into  a  loop,  getting  above  his  ad- 
veraary  and  catting  loose  with  his  gun  and  smashing 
Inunclinan  by  a  hail  of  buJIets  as  he  swept  by, 

Immebnan's  airplane  btirst  inco  Sames  and  dropped. 
Ball,  from  above,  followed  (or  a  few  bimdred  feet  and  thea 
strai|:htencd  out  and  racod  for  home.  He  settled  down, 
rose  again,  huiried  back,  and  released  a  huge  wreath  of 
f\amtn,  abnost  dimply  over  the  spot  where  Immelman's 
chamd  body  was  being  lifted  &om  a  tangled  mass  of 
metal. 

Poor  day*  later  Bisll  too  was  Idlled. 

Btit  the  Gennans,  too,  had  their  champion  airmen, 
mighty  fliers,  skillful  at  control  and  with  the  machine 
gan,  in  whose  triumphs  they  took  the  same  pride  that 
oar  boys  ta  Prance  did  in  those  of  Chapman,  Rockwell 
or  Thaw,  the  British  in  Wameford,  or  the  French  in 
Guynemer.  Chief  of  these  was  Captain  BoeUce.  who 
came  to  hi.";  death  in  the  latter  part  of  [917,  after  put- 
ting to  his  credit  over  sixty  Allied  planes  brought  dawn. 
A  German  account  of  one  of  his  duels  as  watched 
from  the  trenches,  u-ill  be  of  interest : 

For  quite  a  long  time  an  Englishman  had  been  making 
circles  before  our  eyes — calmly  and  dehberately.  .  .  . 
My  men  on  duty  clenched  their  fists  in  impotent  wrath. 
"The  dog — !"     Shooting  would  do  no  good. 

Then  suddenly  from  the  rear  a  harsh,  deep  singing  and 
buzzing  cub!  the  air.  It  soimds  like  a  German  flyer. 
But  he  is  not  yet  visible.  Only  the  buzz  of  an  approaching 
motor  is  heard  in  the  clouds  in  the  direction  of  the  English- 
man. More  than  a  hundred  eyes  scanned  the  horizon. 
There!  Far  away  and  high  among  the  clouds  is  a  small 
black    humming    bird — a   German  battle  aeroplane.     Its 
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course  is  laid  directly  for  the  hostile  biplane  and  it  flies 
like  an  arrow  shot  with  a  clear  eye  and  steady  hand.  My 
men  crawl  out  of  the  shelters.  I  adjust  my  field  glasses. 
A  lump  rises  in  our  throats  as  if  we  are  awaiting  something 
new  and  wonderful. 

So  far  the  other  does  not  seem  to  have  noticed  or  recog- 
nized the  black  flyer  that  already  is  poised  as  a  hawk 
above  him.  All  at  once  there  is  a  mighty  swoop  through 
the  air  like  the  drop  of  a  bird  of  prey,  and  in  no  time  the 
black  flyer  is  inmiediately  over  the  Englishman  and  the 
air  is  filled  with  the  furious  crackling  of  a  machine  gtm, 
followed  by  the  rapid  ta-ta-ta  of  two  or  three  more,  all 
operated  at  the  highest  speed  just  as  diuing  a  charge. 
The  Englishman  drops  a  little,  makes  a  circle  and  tries  to 
escape  toward  the  rear.  The  other  circles  and  attacks 
him  in  front,  and  again  we  hear  the  exciting  ta-ta-ta! 
Now  the  Englishman  tries  to  slip  from  imder  his  opponent, 
but  the  German  makes  a  circle  and  the  effort  fails.  Then 
the  enemy  describes  a  great  circle  and  attempts  to  rise 
above  the  German.  The  latter  ascends  in  sharp  half 
circles  and  agains  swoops  down  upon  the  biplane,  driving 
it  toward  the  German  trenches. 

Will  the  Englishman  yield  so  soon?  Scattered  shouts  of 
joy  are  already  heard  in  our  ranks.  Suddenly  he  drops 
a  htmdred  yards  and  more  through  the  air  and  makes  a 
skillful  loop  toward  the  rear.  Oiu*  warrior  of  the  air 
swoops  after  him,  tackles  him  once  more  and  again  we 
hear  the  wild  defiant  rattle  of  the  machine  guns  over 
our  heads.  Now  they  are  quite  close  to  oiu*  trenches. 
The  French  infantry  and  artillery  begin  firing  in  a  last 
desperate  hope.  Neither  of  them  is  touched.  Sticking 
close  above  and  behind  him  the  German  drives  the  English- 
man along  some  six  hundred  yards  over  otu*  heads  and  then 
just  above  the  housetops  of  St.  A.  Once  more  we  hear  a 
distant  ta-ta-ta  a  little  slower  and  more  scattered  and  then 
as  they  drop  both  disappear  from  our  view. 

Scarcely  five  minutes  pass  before  the  telephone  brings  up 
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tiiM  iwwR.   LMnCemnc  R<Mfti).  has  ]isc  bonnfaC  dons:  InE 
wmtfb  liver. 

Mvchods  of  3iP-fi^ntin(  were  saconet^  doisdmi 
is  a  hearing  beEore  the  Senaie  Comsnrtee-  oa  MHftfriy 
JMhbs,  in  Jmicv  r^i?-  TBe  nitipmr^  uauCying  -vui. 
JOWB  AmenRtuu  oi  :he  Laayens  FjBfBuii-m>>  c£  -Jie 
^VVBEB  afinv.  To  the  ixviunn  ine  '•'''•''iiiifHiy  is  mceF- 
efdiif  for  die  clear  idea  ii  gives  ot  iniEtary  airiaiiaK. 
Tfwectraets  faOowm;;  ace  icom  ihe  official  reconL: 


Adjt.  Proum:  3«si3tor.  chare  are  aboac  four  land*  ot 
ouchifMs  uaad  atniMd  on  the  ^nnem  trans  to-day.  Tlte 
nndiiiMB  thaC  A4}t.  Ronney  and  myoeU  are  '^^'''^'^  atbx 

T&eot 
■  thuicQiip  me 
of  pkoCogjafihs  oC  the  Gtaaaa  batteriea.  go  back  ot  'Jse 
Swraad  tales viam  of  ihe  countrr  behmd  liaar  lins*  and 
Aai  one  wtBA  tbair  nazt  lio»  at  astadc  win  be.  -jr.  ii  ritBY 
MnM'baK-ttopnHBClnK.cim  cuojrtJuiig  in  thatuvr- 
IVvhahlw  1^  haw,  There  -jw  .irc  ii  -::-.-  rrrroo  alone,  a 
htnwJreil  and  Sfty  photographers  wiio  do  nothing  ail  day 
long  enoent  der'elop  pictures,  and  ;.-oa  can  ;jet  pictmea  of 
any  part  of  the  comitrv  *.hat  ;-rm  want.  Whea  the  Ger- 
mans retreated  from  the  old  line  where  they  used  to  be, 
by  Pemnne  and  Coaulnes,  we  had  absolute  pictures  of  ail 
the  Hindenburg  line  from  where  they  are  now  right  down 
to  9't.  Quentin,  down  to  the  line  the  French  are  on.  We 
had  photographs  of  it  all. 

Senator  Kirby:  WTien  they  started  on  the  retreat? 

Adjt  Prince:  Yes.  sir.  So  we  knew  exactly  where  their 
stand  would  be  niade.  Then,  besides  that,  those  photo- 
graph machines  do  a  !ot  of  scouting.  They  have  a  pilot 
and  a  photographer  aboard.  He  has  not  only  a  camera, 
but  quite  often  he  has  a  Lewis  gna  with  him  in  order  to 
wafd  oti  any  hostile  airmen  it  they  shoald  get  thioo^  the 
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battle  planes  that  are  above  him;  in  other  words,  shotild 
get  through  us  in  order  to  fight  him.  They  do  a  great  deal 
of  the  scouting,  because  they  fly  at  a  lower  level.  The 
battle  planes  go  up  to  protect  photography  machines,  or 
to  go  man-htmting,  as  it  is  called;  in  other  words,  to  fight 
the  Germans.  We  fly  all  day,  like  to-day,  as  high  as  we 
can  go,  or  as  high  as  the  French  go  as  a  rule,  about  5500 
metres,  about  17,000  to  18,000  feet. 

AdjL  Rutnsey:  I  think  5500  metres  is  about  19,000  feet. 
Some  go  up  6000  metres,  which  makes  about  20,000  feet. 

Adjl.  Prince:  We  go  up  there,  and  we  have  a  certain 
sector  of  the  front  to  look  after.  If  we  are  only  man-hunt- 
tngt  we  go  backward  and  forward  like  a  policeman  to  pre- 
vent the  Germans  from  getting  over  our  own  lines.  We 
usually  fly  by  foiirs,  if  we  can,  and  the  fotir  go  out  together, 
so  as  not  to  be  alone.  We  are  usually  fighting  inside  of  the 
German  lines,  because  the  morale  of  the  French  and  Eng- 
lish is  better  than  that  of  the  Germans  to-day;  and  every 
fight  I  have  had — I  have  never  been  lucky  enough  to  have 
one  inside  of  my  own  lines — they  have  all  been  inside  of 
the  German  lines. 

Senator  Kirby:  What  is  the  equipment  of  a  battle  plane 
such  as  you  use? 

Adjt.  Prince:  I  use  the  180  horse-power  machine.  It  is 
called  a  "S.  P.  A.  D.,"  which  has  a  Spanish  motor.  But 
a  great  many  of  the  motors  to-day  are  being  built  here  in 
America. 

Senator  Kirby:  How  many  men  do  you  carry? 

Adji.  Prince:  We  go  up  alone  in  these  machines.  We 
did  have  two  guns.  We  had  the  Lewis  gim  on  our  upper 
wing  and  the  Vickers  down  below,  that  shoots  through  the 
propeller  as  the  propeller  turns  aroimd.  Then  we  gave 
up  the  Lewis  above.  It  added  more  weight,  and  we  did 
not  need  it  so  much.  The  trouble  with  the  Lewis  gun  is 
that  it  has  only  ninety-seven  cartridges,  while  the  Vickers 
has  five  htmdred,  and  you  can  do  just  as  much  damage  with 
the  Vickers  as  you  could  with  them  both. 


2i8  Aircraft  and  Submarines 

Smatar  Smlii*rland:  Voa  driTeaod  Sgbt  at  the  same  time? 

AdjI.  Prince:  Ves,  sir, 

Adjt.  Rumsty:  The  machine  gtm  is  fixed. 

Adjt.  Prince:  It  is  abeclivXetj  fixed  on  the  rnadnne,  and 
if  I  dxMild  want  to  adjust  it  to  shoot  foa,  I  wotdd  adjust 
my  machine  on  ><ou. 

The  witness  then  took  up  the  natare  and  woric  of 
SDOie  of  ti>e  heavier  machines.     He  testified: 

Adjt.  Prince:  Then  comes  the  artiUerv  regelating  ma- 
chine. That  machine  goes  up,  and  it  may  be  a  Parman 
or  a  hi-motor,  or  some  other  kind  of  heavier  machine,  a 
machine  that  goe*  slowh'.  They  go  nwr  a.  certain  spot. 
Tlicy  have  a  driver,  who  is  a  pilot,  Uke  omsdves;  thea 
they  have  an  iirtillery  ofScer  on  board,  whose  sole  dnty  It 
is  to  send  hack  word,  mostly  by  Marconi,  to  his  battery 
where  the  shots  are  landing.  He  will  say:  "Too  far," 
"Too  short,"  "Right,"  nr  "Left,"  and  be  stays  there  over 
this  battery  until  the  work  done  by  the  French  guns  has 
been  absolutely  controlled,  and  above  him  he  has  some  ot 
these  battle  planes  keeping  him  from  being  attacked  from 
above  by  German  airmen-  Of  course,  they  may  be  shot 
at  by  anti-aircraft  guns,  which  you  can  not  help.  That  is 
artillery  regulating. 

The  Chairman:  Are  you  always  attacked  from  above? 

Adjl.  Prince:  By  airplanes;  yes,  sir.  It  is  always  much 
safer  to  attack  from  above. 

Then  you  have  the  bomb -drop  ping  machines,  which 
carry  a  lot  of  weight.  They  go  out  sometimes  in  the  day- 
time, but  mostly  at  night,  and  they  have  these  new  sights 
by  which  they  can  stay  up  quite  high  in  the  air  and  still 
know  the  spot  they  are  going  at.  They  know  the  wind 
speed,  they  know  their  height,  and  they  can  figure  out  by 
this  new  arrangement  they  have  exactly  when  the  time  is 
to  let  go  their  bombs. 

Senator  Kirby:  Something  in  the  nature  of  a  range-finder? 
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AdjL  Prince:  A  sort  of  range-finder. 

Adji.  Rumsey:  It  is  a  sort  of  telescope  that  looks  down 
between  your  legs,  and  you  have  to  regulate  yourself, 
observing  your  speed,  and  when  you  see  the  spot,  you 
have  to  touch  a  button  and  off  go  these  things. 

Adjt,  Rumsey:  In  a  raid  my  brother  went  on  there  were 
sixty-eight  machines  that  left;  the  French  heavy  machines, 
the  English  heavy  machines,  and  then  the  English  sort  of 
half-fightingmachine  and  half-bombing  machine.  They  caU 
it  a  Sopwith,  and  it  is  a  very  good  machine.  They  went  over 
there,  and  the  first  ones  over  were  the  Frenchmen,  and  they 
dropped  bombs  on  these  Mauser  works,  and  the  only  thing 
that  the  English  saw  was  a  big  cloud  of  smoke  and  dust,  and 
they  could  not  see  the  works  so  they  just  dropped  into  them. 
Out  of  that  raid  the  fighting  machines  got  eight  Germans 
and  dropped  them,  and  the  Germans  got  eight  Frenchmen. 
So,  out  of  sixty-eight  they  lost  eight,  but  we  also  got  eight 
Germans  and  dropped  six  tons  of  this  stuff,  which  is  twenty 
times  as  strong  as  the  melinite.  We  do  not  know  what  the 
name  of  the  powder  is.  The  fighting  machines  on  that 
trip  only  carried  gasolene  for  two  hours,  and  the  other  ones 
carried  it  for  something  like  six  hours,  so  we  escorted  them 
out  for  an  hour,  came  back  to  our  lines,  filled  up  with 
gasolene,  went  out  and  met  them  and  brought  them  back 
over  the  danger  zone. 

Adjt.  Prince:  Near  the  trenches  is  where  the  danger  zone 
is,  because  there  the  German  fighting  machines  are  located. 

Senator  Kirby:  How  far  was  it  from  your  battle  front 
that  you  went? 

AdjL  Rumsey:  I  think  it  was  about  500  miles,  250  there 
and  250  back ;  it  was  between  200  and  250  miles  there. 

Senator  Kirby:  Beyond  the  battle  front? 

Adjt.  Rumsey:  Yes ;  or,  to  be  more  accurate,  I  think  it 
was  nearer  200  than  250. 

The  Chairman:  What  do  you  think  of  the  fimction  of  the 
airplane  as  a  determining  factor? 

Adjt.  Prince:  There  is  no  doubt  that  if  we  could  send 
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over  in  huge  waves  a.  great  mtmber  of  these  bomb-drnpping 
machines,  and  simply  lay  the  couccry  waste — ior  instance, 
the  big  cities  like  atiassfaurg,  Freiburg,  and  ocheis — not 
only  wmild  the  damage  done  be  great,  but  I  guess  the  popu- 
lar opinian  ia  Germany,  everything  being  laid  ^vaste. 
mold  noric  very  strongly  in  the  "tittHic  of  the  public  :cmaid 
having  peace.  I  da  not  think  >Tnt  could  destroy  an  aimy, 
becsnse  you  could  not  see  then,  but  you  could  go  to  dimr- 
ent  stations;  )-du  could  go  to  Staassburg,  to  Bruaseis.  and 
places  like  that. 

n*  Chatrmaa:  Then,  sanding  thcnt  orer  in  enoRnons 
nmnbas  would  also  pot  out  of  btisinas  their  airplanes, 
and  they  would  be  helple^  woukl  ibey  not? 

AdjL  Primtxz  Absolutely.  Vou  not  only  have  on  zha 
front  a  large  number  rx.  bomb-dropping  machines,  bnt  a 
laige  aumber  of  ^gt'ting  machines.  When  the  Sonune 
battle  '^vas  started  in  the  morning  the  Germans  knew, 
natuiallv,  that  thft  Pri-m-h  aru^  Bntiah  wqb  going  to  start 
the  Somme  drive,  and  they  had  up  these  E>racfaens,  these 
obaervactoa  bailoons.  and  the  first  ci^teen  minutes  tbat 
the  battle  started  the  French  and  the  Boglish.  I  think,  aoi. 
twenty-rine  "  raucisse  "  ■.\v:-  -rvrvis,  ■.'rr  "he  next  rive 

days  there  was  not  a  sinjjle  German  who  came  anywhere 
near  the  lines,  but  the  French  and  English  could  go  ahead 
as  they  felt  like. 

Admiral  Peary:  Have  von  any  idea  as  to  how  many 
airplanes  there  are  along  that  western  front  on  the  German 
side? 

Adjt.  Prince:  There  must  be  about  3000  on  that  line 
ia  actual  commissioa. 

Adtmrai  Peary:  That  means,  then,  about  10,000  in  ail, 
at  least? 

Adjt.  Prince:  I  should  think  so;  I  should  say  the  French 
have  about  2000  and  the  English  posiiibly  1000,  or  we 
have  about  2500. 

Adjl.  Ramsey:  If  they  have  3000  we  have  4000;  thai 
is,  right  on  the  line. 
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AdjL  Prince:  We  have  about  1000  more  than  they 
have,  and  we  are  up  all  the  time.  The  day  before  I  left 
the  front  I  was  called  to  go  out  five  times,  and  I  went  out 
five  times,  and  spent  two  hours  every  time  I  went  out. 

It  wotdd  be  gratifying  to  author  and  to  reader  alike 
if  it  were  possible  to  give  some  accoimt  of  the  progress 
in  aerial  equipment  made  by  the  United  States,  since 
its  declaration  of  war.  But  at  the  present  moment 
(February,  19 18),  the  government  is  chary  of  furnishing 
information  concerning  the  advance  made  in  the 
creation  of  an  atrial  fleet.  Perhaps  precise  informa- 
tion, if  available,  would  be  discouraging  to  the  many 
who  believe  that  the  war  will  be  won  in  the  air.  For 
it  is  known  in  a  broad  general  way  that  the  activities 
of  the  Administration  have  been  centred  upon  the 
construction  of  training  camps  and  aviation  stations. 
Orders  for  the  actual  construction  of  airplanes  have 
been  limited,  so  that  a  chorus  of  criticism  arose  from 
manufacturers  who  declared  that  they  might  have  to 
dose  their  works  for  lack  of  employment.  The  appar- 
ent check  was  discouraging  to  American  airmen,  and 
to  our  Allies  who  had  expected  marvellous  things  from 
the  United  States  in  the  way  of  swift  and  wholesale 
preparation  for  winning  battles  in  the  air.  The  response 
of  the  government  to  all  criticism  was  that  it  was 
laying  broad  foimdations  in  order  that  construction 
once  begun  would  proceed  with  unabated  activity, 
and  that  when  aircraft  began  to  be  turned  out  by  the 
thousands  a  week  there  would  be  aviators  and  trained 
mechanics  a-plenty  to  handle  them.  In  this  situation 
the  advocates  of  a  special  cabinet  department  of  aero- 
nautics found  new  reason  to  criticize  the  Administra- 
tion and  Congress  for  having  ignored  or  antagonized 
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their  appeals.  For  responsibility  for  the  delay  and 
indifference — if  indifference  there  was — rested  equally 
upon  the  Secretary  of  the  Navy  and  the  Secretary  of 
War.  Each  had  his  measure  of  control  over  the 
enormous  siun  voted  in  a  lump  for  aviation,  each  had 
the  further  millions  especially  voted  to  his  department 
to  account  for.  But  no  single  individual  could  be 
officially  asked  what  had  been  done  with  the  almost 
one  billion  dollars  voted  for  aeronautics  in  1917, 

But  if  the  authorities  seemed  to  lag,  the  inventors 
were  busy.  Mention  has  already  been  made  of  the 
new  "Liberty"  motor,  which  report  had  it  was  the 
fruit  of  the  imprisonment  of  two  mechanical  experts 
in  a  hotel  room  mth  orders  that  they  should  not  be 
freed  until  they  had  produced  a  motor  which  met  all 
criticisms  upon  those  now  in  use.  Their  product  is 
said  to  have  met  this  test,  and  the  happy  result  caused 
a  general  wish  that  the  Secretaries  of  War  and  of  the 
Navy  might  be  similarly  incarcerated  and  only  libe- 
rated upon  producing  plans  for  the  immediate  creation 
of  an  aerial  fleet  smted  to  the  nation's  needs.  If, 
however,  the  Liberty  motor  shall  prove  the  complete 
success  which  at  the  moment  the  government  believes 
it  to  be,  it  will  be  such  a  spur  to  the  development  of 
the  airplane  in  peace  and  war,  as  could  not  otherwise 
be  applied.  For  the  motor  is  the  true  life  of  the  air- 
plane—its heart,  lungs,  and  nerve  centre.  The  few 
people  who  still  doubt  the  wide  adoption  of  aircraft 
for  peaceful  purposes  after  the  war  base  their  skepti- 
cism on  the  treachery  of  motors  still  in  use.  They 
repudiate  all  comparisons  with  automobiles.  They  say : 

It  is  perfectly  true  that  a  man  can  run  his  car  repeatedly 
from  New  York  to  Boston  without  motor  trouble.     But 
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the  trouble  is  inevitable  sooner  or  later.  When  it  comes  to 
an  automobile  it  is  trifling.  The  driver  gets  out  and  makes 
his  repairs  by  the  roadside.  But  if  it  comes  to  the  aviator 
it  brings  the  possibility  of  death  with  it  every  time.  If  his 
motor  stops  he  must  descend.  But  to  alight  he  must  find 
a  long  level  field,  with  at  least  two  himdred  yards  in  which 
to  run  off  his  momentimi.  If,  when  he  discovers  the 
failure  of  his  motor,  he  is  fl>'ing  at  the  height  of  a  mile  he 
must  find  his  landing  place  within  a  space  of  eight  miles, 
for  in  gliding  to  earth  the  ratio  of  forward  movement  to 
height  is  as  eight  to  one.  But  how  often  in  rugged  and 
densely  populated  New  England,  or  Pennsylvania  is  there 
a  vacant  level  field  half  a  mile  in  length?  The  aviator 
who  made  a  practice  of  daily  flight  between  New  York  and 
Boston  would  inevitably  meet  death  in  the  end. 

The  criticism  is  a  shrewd  and  searching  one.  But 
it  is  based  on  the  airplane  and  the  motor  of  to-day 
without  allowance  for  the  development  and  improve- 
ment which  are  proceeding  apace.  It  contemplates 
a  craft  which  has  but  one  motor,  but  the  more  modem 
machines  have  suflBcient  lifting  power  to  carry  two 
motors,  and  can  be  navigated  successfully  with  one 
of  these  out  of  service.  Experiments  furthermore 
are  being  made  with  a  device  after  the  type  of  the 
helicopter  which  with  the  steady  lightening  of  the 
aircraft  motor,  may  be  installed  on  airplanes  with  a 
special  motor  for  its  operation.  This  device,  it  is 
believed,  will  enable  the  airplane  so  equipped  to  stop 
dead  in  its  course  with  both  propellers  out  of  action, 
to  hover  over  a  given  spot  or  to  rise  or  to  descend 
gently  in  a  perpendicular  line  without  the  necessity 
of  soaring.  It  is  obvious  that  if  this  device  prove 
successful  the  chief  force  of  the  objections  to  aerial 
navigation  outlined  above  will  be  nullified. 
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life!"  is  a  sign  frequently  seen  hanging  over  the  work 
benches  in  an  airplane  factory. 

When  stretched  over  the  framework,  the  cloth  of 
the  wings  is  treated  to  a  dressing  down  of  a  preparation 
of  collodion,  which  in  the  jargon  of  the  shop  is  called 
"dope,"  This  substance  has  a  peculiar  effect  upon 
the  cloth,  causing  it  to  shrink,  and  thus  making  it 
more  taut  and  rigid  than  it  could  be  by  the  most  care- 
ful stretching.  Though  the  layman  would  not  sus- 
pect it,  this  wash  alone  costs  about  $150  a  machine. 
The  seaplanes  too — or  hydro-aeroplanes  as  purists  call 
them — present  a  curious  illustration  of  unexpected 
and,  it  would  seem,  unexplainable  expense.  Where 
the  flyer  over  land  has  two  bicycle  wheels  on  which  to 
land,  the  flyer  over  the  sea  has  two  flat-bottomed  boats 
or  pontoons.  These  cost  from  $1000  to  $1200  and  look 
as  though  they  should  cost  not  over  $100.  But  the 
necessity  of  combining  maximum  strength  with  mini- 
mum weight  sends  the  price  soaring  as  the  machine 
itself  soars.  Moreover  there  is  not  yet  the  demand  for 
either  air-  or  seaplanes  that  would  result  in  the  division 
of  labour,  standardization  of  parts,  and  other  manufac- 
turing economies  which  reduce  the  cost  of  products. 

To  the  high  cost  of  aircraft  their  comparative  fragil- 
ity is  added  as  a  reason  for  their  unfitness  for  commer- 
cial uses.  The  engines  cost  from  $2000  to  $5000  each, 
are  very  delicate  and  usually  must  be  taken  out  of  the 
plane  and  overhauled  after  about  100  hours  of  active 
service.  The  strain  on  them  is  prodigious  for  it  is  esti- 
mated that  the  number  of  revolutions  of  an  airplane's 
engine  during  an  hour's  flight  is  equal  to  the  number  of 
revolutions  of  an  automobile's  wheels  during  active 
service  of  a  whole  month. 

It  is  beHeved  that  the  superior  lightness  and  durabil- 


226  Aircraft  and  Submarines 

ity  of  the  Liberty  motor  will  obviate  some  of  these 
objections  to  the  commercial  availability  of  aircraft 
in  times  of  peace.  And  it  is  certain  that  with  the 
cessation  of  the  war,  the  retirement  of  the  governinents 
of  the  world  from  the  purchasing  field  and  the  reduc- 
tion of  the  demand  for  aircraft  to  such  as  are  needed 
for  pleasure  and  industrial  uses  the  prices  which  we 
have  dted  will  be  cut  in  half.  In  such  event  what  will 
be  the  future  of  aircraft ;  what  their  part  in  the  social 
and  industrial  organization  of  the  world? 

Ten  or  a  dozen  years  ago  Rudyard  E2pling  enter- 
tained the  English  reading  public  of  the  world  with  a 
vivacious  sketch  of  aerial  navigation  in  the  year  2000 
A,D.  He  used  the  license  of  a  poet  in  avoiding  too 
precise  descriptions  of  what  is  to  come — dealing  rather 
with  broad  and  picturesque  generalizations.  Now  the 
year  2000  is  still  far  enough  away  for  pretty  much 
anything  to  be  invented,  and  to  become  common- 
place before  that  era  arrives.  Airships  of  the  sort 
Mr.  Kipiing  pictured  may  by  that  period  have 
come  and  gone — have  been  relegated  to  the  muse- 
ums along  with  the  stage-coaches  of  yesterday  and 
the  locomotives  of  to-day.  For  that  matter  before 
that  millennial  period  shall  arrive  men  may  have  learned 
to  dispense  with  material  transportation  altogether, 
and  be  able  to  project  their  consciousness  or  even  their 
astral  bodies  to  any  desired  point  on  psychic  waves. 
If  a  poet  is  going  to  prophecy  he  might  as  well  be 
audacious  and  even  revolutionary  in  his  predictions. 

Mr.  Kipling  tried  so  hard  to  be  reasonable  that  he 
made  himself  recognizably  wrong  so  far  as  the  present 
tendency  of  aircraft  development  would  indicate. 
With  the  Night  Mail,  is  the  story  of  a  trip  by  night 
across  the  Atlantic  from  England  to  America.     It  is 
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made  in  a  monster  dirigible — though  the  present  ten- 
dency is  to  reject  the  dirigible  for  the  swifter,  less 
costly,  and  more  airworthy  (leave  "seaworthy"  to  the 
plodding  ships  on  old  ocean's  breast)  airplanes.  If, 
however,  we  condone  this  glaring  improbability  we 
find  Mr.  Kipling's  tale  full  of  action  and  imaginary 
incident  that  give  it  an  air  of  truth.  His  ship  is  not 
docked  on  the  ground  at  the  tempest's  mercy,  but  is 
moored  high  in  air  to  the  top  of  a  tall  tower  up  which 
passengers  and  freight  are  conveyed  in  elevators. 
His  lighthouses  send  their  beams  straight  up  into  the 
sky  instead  of  projecting  them  horizontally  as  do  those 
which  now  guard  our  coasts.  Just  why  lighthouses 
are  needed,  however,  he  does  not  explain.  There  are 
no  reefs  on  which  a  packet  of  the  air  may  run,  no  lee 
shores  which  they  must  avoid.  On  overland  voyages 
guiding  lights  by  night  may  be  useful,  as  great  white 
direction  strips  laid  out  on  the  ground  are  even  now 
suggested  as  guides  for  daylight  flying.  But  the  main 
reliance  of  the  airman  must  be  his  compass.  Crossing 
the  broad  oceans  no  lighted  path  is  possible,  and  even 
in  a  voyage  from  New  York  to  Chicago,  or  from  Lon- 
don to  Rome  good  airmanship  will  dictate  flight  at  a 
height  that  will  make  reliance  upon  natural  objects 
as  a  guide  perilous.  The  airman  has  the  advantage 
over  the  sailor  in  that  he  may  lay  his  course  on  leaving 
his  port,  or  flying  field,  and  pursue  it  straight  as  an 
arrow  to  his  destination.  No  rocks  or  other  obstacles 
bar  his  path,  no  tortuous  channels  must  be  navigated. 
All  that  can  divert  him  from  his  chosen  course  is  a 
steady  wind  on  the  beam,  and  that  is  instantly  de- 
tected by  his  instruments  and  allowance  made  for  it. 
On  the  other  hand  the  sailor  has  a  certain  advantage 
over  the  airman  in  that   bis   more  leisurely  progress 
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allovn  time  far  the  icefftifaMon  oi  eccocs  in  course 
acisiog  from  conlraxy  mtnaiis.  or  winds.  Aa  error  oi 
a  poinc,  or  even  two.  ainonms  to  bni  little  in  a  day's 
fUamins.o(pei1iaiBi'a[irbinidxed  miles.  It  can  readity 
tw  ranediad,  aniefis  the  ship  is  too  near  :Uiarc~  Bat 
•wtita  the  whole  three  thousand  stiles  of  .\tlaxitic  are 
covered  iQ  trtventy  hours  in  the  air,  the  couise  "ttibk  be 
right  from  the  start  and  exactly  adhered  to.  else  the 
paasenger  for  Sew  York  may  be  set  down  in  Florida. 

It  is  not  improbable  that  even  before  the  war  is  over 
tlie  cmsing  of  the  Atlantic  by  pUnewitlbeaccampiishGd. 
Certainly  it  will  be  QSe  of  the  Qist  tasks  undertaken 
by  ainsen  on  the  renzm  oi  peace.  But  it  is  profaafale 
that  the  adaptation  of  aircrsft  to  connserciai  uses  wiQ 
be  begun  with  undertakings  of  'wnailpf  propcstions. 
Already  the  United  States  rnamtami^  an  J^eria]  "wriT 
mite  in  .\laska.  '^rhile  Italy  iias  military  mail  routes 
served  by  airplanes  in  lbs  Alps.  Tliese  have  been 
undertaken  becanse  of  the  pt^stcal  ofaetaclss  to  travel 
rm  the  Ttirfacc.  Tfcsented  in  those  ragged  neighbour- 
hoods. But  in  the  more  densely  populated  regions  of 
the  United  States  considerations  of  financial  profit 
will  ahnost  certainly  result  in  the  early  establishment 
of  mail  and  passenger  air  service.  Aic  service  will  cut 
down  the  time  between  any  two  given  points  at  least 
one  half,  and  ultimately  two  thirds.  Letters  could 
be  sent  from  New  York  to  Boston,  or  even  to  Buffalo. 
and  an  answer  received  the  same  day.  The  carrying 
plane  could  take  on  each  trip  five  tons  of  mail.  Phila- 
delphia would  be  brotight  within  forty-five  minutes  of 
New  York;  Washington  within  two  hotus  instead  of 
the  present  five.  Is  there  any  doubt  of  the  creation 
of  an  aerial  passenger  service  under  such  conditions? 
Already  a  Caproni  triplane  will  carry  thirty-five  pas- 
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sengers  beside  guns — say.  fifty  passengers  if  all  other 
load  be  excluded,  and  has  flown  with  a  lighter  load 
from  Newport  News  to  New  York.  It  is  easily  imagin- 
able that  by  1920  the  airplane  capable  of  carrying  eighty 
persons — or  the  normal  number  now  accommodated  on 
an  inter-urban  trolley  car — will  be  an  accomplished 
fact. 

The  lines  that  will  thus  spring  up  will  need  no  rails, 
no  right  of  way,  no  expensive  power  plant.  Their 
physical  property  will  be  confined  to  the  airplanes 
themselves  and  to  the  fields  from  which  the  craft  rise 
and  on  which  they  alight,  with  the  necessary  hangars. 
These  indeed  will  involve  heavy  expenditure.  For  a 
busy  line,  with  frequent  sailings,  of  high  speed  machines 
a  field  will  need  to  be  in  the  neighbourhood  of  a  mile 
square.  A  plane  swooping  down  for  its  landing  is 
not  to  be  held  up  at  the  switch  like  a  train  while  room 
is  made  for  it.  It  is  an  imperative  guest,  and  cannot 
be  gainsaid.  Accordingly  the  fields  must  be  large 
enough  to  accommodate  scores  of  planes  at  once  and 
give  each  new  arrival  a  long  straight  course  on  which 
to  run  off  its  momentum.  It  is  obvious  therefore  that 
the  union  stations  for  aircraft  routes  cannot  be  in  the 
hearts  of  our  cities  as  are  the  railroad  stations  of  to- 
day, but  must  be  fairly  well  out  in  the  suburbs. 

A  form  of  machine  which  the  professional  airmen 
say  has  yet  to  be  developed  is  the  small  monoplane, 
carrying  two  passengers  at  most,  and  of  low  speed — 
not  more  than  twenty  miles  an  hour  at  most.  In  this 
age  of  speed  mania  the  idea  of  deliberately  planning 
a  conveyance  or  vehicle  that  shall  not  exceed  a  low 
limit  seems  out  of  accord  with  public  desire.  But  the 
low  speed  airplane  has  the  advantage  of  needing  no 
extended   field   in    which   to   alight.     It    reaches   the 
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gftmad  with  but  little  ""T"*"*Mm  ui  be  taken  up  and 
can  be  braoght  up  stanrims  ^ti  i^  nxi£  at  a  hotne  or 
the  deck  of  a  afaip.  StrniiL  madunes  oc  ^-his  sort  ais 
likdy  T.0  scrVE  a»  the  nmabotxts  cf  the  air.  m  succeed. 
the  trim  little  aotomobile  itadsteis  as  pieasme  (T-aft, 

The  begiitmng  of  the  fourth  Tear  ci  the  war  farotigbt 
o^  nocftble  change  in  ;i£nal  ractirs.  For  three  years 
everythnig  had  been  sacrificed  to  speed.  Soch  a/tdaL 
du^  as  hove  been  described  ':vae  escotnaged  b^  the 
fact  that  aircmft  were  reduced  ui  the  pitjpcirtitais 
nesdfal  for  carrying  one  man  and  a  machine  gtm.  The 
gallant  tlyess  went  up  in  the  air  and  killed  each  other. 
Hiat  va*  about  all  there  n'as  to  it.  While  as  scouts, 
range  tinders,  guides  I'or  the  ardiley,  they  esertedsame 
influence  on  the  comse  <:^  the  war,  :is  a  ngbting  arm 
is  iu  eartier  yeais.  they  weEC  without  >fffineriuy.  The 
bombing  forays  were  harassing  bat  little  mote,  becan^ 
the  craft  m^ged  were  <]t  too  ^"rnil  i~n parity  to  carry 
enough  bombs  to  work  really  aentms  'iamage.  wiule 
the  rv*T  increasing  ran^e  of  ihe  ":\rrhies'*  compds  the 
airmen  to  deliver  their  fire  from  so  great  a  height  as 
to  make  accurate  aim  impossible. 

But  Kiel,  Wilhelmshaven  and  Zeebrugge  are  Itkdy 
to  change  aU  this.  The  constant  cantempiatian  ot 
those  nests  tor  the  sanctuary  of  pestiferous  submarines, 
effectively  guarded  against  attack  by  either  land  or 
water,  has  .-itirred  'jp  the  determination  of  the  .Ulies 
to  seek  their  destruction  from  above.  Heavy  bombing 
planes  are  being  built  in  ail  the  -Ulied  workshops  for 
thu  purpose,  and  furthermore  to  give  effect  to  the 
British  determination  to  take  vengeance  upon  Ger- 
many, for  her  raids  upon  London.  It  is  reported  tiiat 
the  United  States,  by  agreement  with  its  .Ulies,  is  to 
specialize  in  biiilding  the  light,  swift  scout  planes,  but 
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in  ocher  shops  the  heavy  triplane«  the  dreadnoa^t  of 
the  air  is  expected  to  be  the  feature  of  1918.  With  it 
win  oame  an  endrdy  novel  strategic  use  of  aircraft  in 
war,  and  with  it  too,  which  is  perhaps  the  more  per- 
manently importanty  will  come  the  development  of 
aiiaafi  of  the  sort  that  will  be  readily  adaptable  to 
the  purposes  oi  peace  idien  the  war  shall  end. 


THE  SUBMARINE  BOAT 
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CHAPTER  XI 

BEGINNINGS  OF  SUBMARINE  INVENTION 

In  September,  1914  the  British  Fleet  in  the  North 
Sea  had  settled  down  to  the  monotonous  task  of  hold- 
ing the  coasts  of  Germany  and  the  channels  leading  to 
them  in  a  state  of  blockade.  The  work  was  dismal 
enough.  The  ships  tossing  from  day  to  day  on  the 
always  unquiet  waters  of  the  North  Sea  were  crowded 
with  Jackies  all  of  whom  prayed  each  day  that  the 
German  would  come  from  hiding  and  give  battle. 
Not  far  from  the  Hook  of  Holland  engaged  in  this 
monotonous  work  were  three  cruisers  of  about  12,000 
tons,  each  carrying  755  men  and  officers.  They  were 
the  Cressy,  Aboukir,  and  Hogue — not  vessels  of  the 
first  rank  but  still  important  factors  in  the  British 
blockade.  They  were  well  within  the  torpedo  belt  and 
it  may  be  believed  that  unceasing  vigilance  was  ob- 
served on  every  ship.  Nevertheless  without  warning 
the  other  two  suddenly  saw  the  Aboukir  overwhelmed 
by  a  flash  of  fire,  a  pillar  of  smoke  and  a  great  geyser 
of  water  that  rose  from  the  sea  and  fell  heavily  upon 
her  deck.  Instantly  followed  a  thtmdering  explosion 
as  the  magazines  of  the  doomed  ship  went  off.  Within 
a  very  few  minutes,  too  little  time  to  use  their  gtms 
against  the  enemy  had  they  been  able  to  see  him,  or 
to  lower  their  boats,  the  Aboukir  sank  leaving  the  crew 
flotmdering  in  the  water. 
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was  an  entirely  new  idea  and  invention.  But  like 
almost  everything  else  it  was  merely  the  ultimate 
reduction  to  practical  use  of  an  idea  that  had  been 
germinating  in  the  mind  of  man  from  the  earliest  days 
of  history. 

We  need  not  trouble  ourselves  with  the  speculations 
of  Alexander  the  Great,  Aristotle,  and  Pliny  concerning 
"imderwater"  activities.  Their  active  minds  gave 
consideration  to  the  problem,  but  mainly  as  to  the 
employment  of  divers.  Not  imtil  the  first  part  of  the 
sixteenth  century  do  we  find  any  very  specific  reference 
to  actual  underwater  boats.  That  appears  in  a  book 
of  travels  by  Olaus  Magnus,  Archbishop  of  Upsala  in 
Sweden.  Notwithstanding  the  gentleman's  reverend 
quality,  one  must  question  somewhat  the  veracity  of 
the  chapter  which  he  heads : 

"  Of  the  Leather  Ships  Made  of  Hides  Used  by  the 
Pyrats  of  Greenland." 

He  professed  to  have  seen  two  of  these  "ships," 
more  probably  boats,  hanging  in  a  cathedral  church 
in  Greenland.  With  these  singular  vessels,  according 
to  his  veracious  reports  the  people  of  that  country 
could  navigate  under  water  and  attack  stranger  ships 
from  beneath.  "  For  the  Inhabitants  of  that  Coimtrey 
are  wont  to  get  small  profits  by  the  spoils  of  others," 
he  wrote,  "by  these  and  the  like  treacherous  Arts, who 
by  their  thieving  wit,  and  by  boring  a  hole  privately  in 
the  sides  of  the  ships  beneath  (as  I  said)  have  let  in 
the  water  and  presently  caused  them  to  sink." 

Leaving  the  tale  of  the  Archbishop  where  we  think 
it  must  belong  in  the  realm  of  fiction,  we  may  note 
that  it  was  not  tmtil  the  beginning  of  the  seventeenth 
century  that  the  first  submarine  boat  was  actually 
built  and  navigated.    A  Hollander,  ComeUus  Drebel, 
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or  Van  DrebeJ.  bom  is  157^  ^  tiie  rown  oc  .Ukmaar; 
hait  ''ntTif  ^  Lcooon  ijuriti^  -h^  TTgp   ]£  JaaiES  I_, 

have  bees  i.  ^eboas  ^mzienc  otc  ^cieace  and  in.  macy 
rvays  far  nhcad  ':£  his  r'^rrwi^  Moreover,  he  had  *iie 
Ttlmr  31  getting  acrt  ~o  Tjyairj.  ta  1620  he  'irsc 
nil  iiii  il  riie  idea  ix  bmldin^  :i.  nthmamie.  Paizty- 
datsded-  deacripticiiis  nt  las  boats — he  bnitt  '{ip??  •"tuti 
1630-1^4. — and  oc  liaar  acaai  itac.  have  been  handed. 
ijowE  to  OS  br  rngg  whoss  riccuracy  3iid  '""*^!""'i'"r'ffi 
cancoc  be  tionfated.     Tfie  Efaaanahle  Rcfaerc  Boyie.  3. 

()f  rjhr  ^tr  ami  :iix  Sffixa  3baat  Ocebi^'s  inric  in  the 


ham  it  ivdl  ant  be  iaipartiadc  .£.  benm;  I  prrvi^f    i  ^c- 

qnaillt  VDDC    '^.iiwfaittp   tmtH  ^  .  immh  »«;  li     ^tia«    .fii—i  aimify 

fanrtms  r^ecfaanican  ■axd  '~^^-3iac,  dTrmslios  Dnibci.  -vco, 
^In.on^  'jther  -urange  'hings  :hat  ':e  :jeri'jrm  d.  13  'rnrm  il. 
■]y  TTiore  :han  a  iiw  credible  pers'jns,  "o  liave  cuntrr'/ra  lor 
'.he  iate  iiiamed  Iving  James,  i  'essei  :o  ;o  inder  "vater: 
■It  TTiich,  ",nai  vas  -nade  .n  '.he  Thames,  vith  odnnred 
lOccess,  "he  -essei  carryina  -rnKivn  rjwer?.  besides  ^assec- 
.jeis:  )ne  vhica.  :3  i^ii  .dive,  md  related  :-  :o  jji  'ixceilent 
.Mathematician  ""hat  imormcd  :ac  ,1  :.  Vow  hat  ;or 
Thich  I  mention  :hia  atory  :s,  "hat  havuiji  !:ad  :hc  '_-ur:oaity 
and  jpportamty  :o  mtuie  ;)ar*,iciiiar  ::iqmnc3  .imoni;  :he 
rwations  "f  Drebei.  ind  .:sp«xiaily  .1  m  agcnitma  ;iiysi- 
::an  "hat  -aamcd  lis  iaughter,  .-.luc^muig  -he  ,Tuund3 
■ipon  vhich  ':«  j'^nccived  ;c:  leasible  "o  inuks  men  inac- 
rnsEomed  "o  'y-'ntmue  -::  i  mg  mnier  vacer  ■vujiouc  suifoca- 
"lon.  "T  as  'he  'ateiv  meiiEiiiucd  'crsoii  '.'laL  vent  n  "he 
"essei   uEnnsj    -vithtiuc    :ac-'nvtmciicc,   '    vab   answered. 
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that  Drebel  conceived,  that  it  is  not  the  whole  body  of  the 
air,  but  a  certain  quintessence  (as  Chymists  speak)  or 
spirituous  part  of  it,  that  makes  it  fit  for  respiration; 
which  being  spent,  the  remaining  grosser  body,  or  carcase, 
if  I  may  so  call  it,  of  the  air,  is  unable  to  cherish  the  vital 
flame  residing  in  the  heart;  so  that,  for  aught  I  could  gather, 
besides  the  mechanical  contrivances  of  his  vessel,  he  had 
a  chymical  liquor,  which  he  accounted  the  chief  secret  of 
his  submarine  navigation.  For  when,  from  time  to  time, 
he  conceived  that  the  finer  and  purer  part  of  the  air  was 
consiimed,  or  over-clogged  by  the  respiration  and  steam 
of  those  that  went  in  his  ship,  he  would  by  unstopping  a 
vessel  full  of  this  liquor,  speedily  restore  to  the  troubled 
air  such  a  proportion  of  vital  parts,  as  would  make  it  again, 
for  a  good  while,  fit  for  respiration  whether  by  dissipating, 
or  precipitating  the  grosser  exhalations,  or  by  some  other 
intelligible  way,  I  must  not  now  stay  to  examine,  content- 
ing myself  to  add,  that  having  had  the  opportunity  to  do 
some  service  to  those  of  his  relations  that  were  most  inti- 
mate with  him,  and  having  made  it  my  business  to  leara 
what  this  strange  liquor  might  be,  they  constantly  aifiimed 
that  Drebel  would  never  disclose  the  liquor  unto  any, 
:  so  much  as  tell  the  nature  whereof  he  had  made  it, 
to  above  one  person,  who  himself  assured  me  what  it  was. 

This  most  curious  narrative  suggests  that  in  some 
way  Drebel,  who  died  in  London  in  1 634,  had  discovered 
the  art  of  compressing  oxygen  and  conceived  the  idea  of 
making  it  serviceable  for  freshening  the  air  in  a  boat, 
or  other  place,  contaminated  by  the  respiration  of  a 
number  of  men  for  a  long  time.  Indeed  the  reference 
made  to  the  substance  by  which  Drebel  purified  the 
atmosphere  in  his  submarine  as  "a  liquor"  suggests  that 
he  may  possibly  have  hit  upon  the  secret  of  liqtiid  air 
which  late  in  the  nineteenth  century  caused  such  a 
stir  in  the  United  States.     Of  his  possession  of  some 
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sach  secret  there  can  be  no  doubt  whatsoever,  fts* 
Samuel  Pepys  refers  in  his  famous  diary  to  a  lawsnit. 
brought  in  the  King's  Coarts  by  the  heirs  oi  DrebeU 
to  secure  the  secret  for  their  own  use.  What  was  the 
outcome  o£  the  suit  or  the  subseqoMit  history  of  Dre- 
bei's  invention  history  does  not  record. 

Throughout  the  next  150  years  a  large  munber  of 
inventors  and  oear-mventors  oecupied  themselves  with 
the  problem  d  the  submanne.  Some  at  these  men 
went  no  further  than  to  draw  plans  and  to  write  out 
descriptions  oi  what  appeared  to  them  to  be  feasible 
si^nnarine  boats.  Others  took  one  step  further,  by 
Talring  out  patents,  but  only  very  few  of  the  suhmartne 
engineers  oi  this  period  had  either  the  means  or  the 
ooun^e  to  teat  their  inventions  in  the  only  practicable 
way,  by  building  an  expeximental  boat  and  using  it. 

In  ^ce  of  this  apparent  lack  of  faith  on  the  port  of 
the  men  who  worked  on  the  submarine  problem,  it 
would  not  be  fair  to  condemn  them  as  fakirs.  Ezpeii- 
mental  worlffirs,  in  those  times,  had  to  face  many  diffi- 
culties which  were  removed  in  later  times.  The  study 
of  science  and  the  examination  of  the  forces  of  nature 
were  not  only  not  as  popular  as  they  became  later,  but 
frequently  were  looked  upon  as  blasphemous,  savour- 
ing of  sorcery,  or  as  a  sign  of  an  unbalanced  mind. 

England  and  France  supplied  most  of  the  men  who 
occupied  themselves  with  the  submarine  problem 
between  1610  and  1760.  Of  the  Englishmen,  the  fol- 
lowing left  records  of  one  kind  or  another  concerning 
their  labours  in  this  direction.  Richard  Norwood, 
in  1632,  was  granted  a  patent  for  a  contrivance  which 
was  apparently  little  more  than  a  diving  apparatus. 
"^In  1648,  Bishop  WiUdns  published  a  book,  Mathemati- 
call  Magick,  which  was  full  of  rather  grotesque  projects 
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and  which  contained  one  chapter  on  the  possibility 
"of  framing  an  ark  for  submarine  navigation."  In 
1691,  patents  were  granted  on  engines  connected  with 
submarine  navigation  to  John  Hollands-curious  fore- 
runner of  a  name  destined  to  be  famous  two  hundred 
years  later — and  on  a  submarine  boat  to  Sir  Stephen 
Evance. 

In  France,  two  priests,  Fathers  Mersenne  and  Pour-  ^ 
nier,  published  in  1634  a  small  book  called  Questionsi< 
ThSologiques,  Physiques, Morales  et  Malkematiques,  which 
contained  a  detailed  description  of  a  submarine  boat. 
Ttey  suggested  that  the  hull  of  submarines  ought  to 
be  of  metal  and  not  of  wood,  and  that  their  shape 
ought  to  be  as  nearly  fishlike  as  possible.  Nearly 
three  hundred  years  have  hardly  altered  these  opinions. 
Ancient  French  records  also  tell  us  that  six  years  later, 
in  1640,  the  ICing  of  France  had  granted  a  patent  to 
Jean  Barri6,  permitting  him  during  the  next  twelve 
years  to  fish  at  the  bottom  of  the  sea  with  his  boat. 
Unluckily  Barrio's  fish  stories  have  expired  with  his 
permit.  In  1654,  a  French  engineer,  De  Son,  is  said 
to  have  built  at  Rotterdam  a  submarine  boat.  Little 
is  known  concerning  this  vessel  except  that  it  was 
reported  to  have  been  seventy-two  feet  long,  twelve 
feet  high,  and  eight  feet  broad,  and  to  have  been 
propelled  by  a  paddlewheel  instead  of  oars, 

Borelli,  about  whom  very  little  seems  to  be  known, 
is  credited  with  having  invented  in  1680  a  submarine 
boat,  whose  descent  and  ascent  were  regulated  by  a 
series  of  leather  bottles  placed  in  the  hull  of  the  boat 
with  their  mouths  open  to  the  surrounding  water.  The 
English  magazine,  Graphic,  published  a  picture  which 
is  considered  the  oldest  known  illustration  of  any  sub- 
marine boat.    This  picture  matches  in  all  details  the 
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doKziptian  -it  BocelE's  boat,  bnc  ic  is  csafibod.  to  a. 
□BUi-cailed  Syujuut 

'!""■  J.  Day,  bt[i&  a.  •""■Q  ..iitiifmLTp^-  booc  anri  atcer 
l^iuy  QctBDsnre  *  *p«>iti]^f»rB^  fi»ia^i»»^w»t  xn  his  oooc  in 
PfTmonth  haiixror.  This  iesceat  :s  ■3t  special  tntec^ 
est  hecanae  w  ha.Te  ^  oor?  'iecaiied  leuoii  at  iz  than 
or  any  :jieviuu&  i^tihmartne  expkat,  .<nd  becanae  Day- 
is  iJie  rixst  ^nbmazme  iareator  who  Iobl  ha  iite  in  the 
acosnpt  to  prove  the  fpaaifaSity  at  his  inrentiaii.  TTie 
.Inna^  iZe^siter  m  [774  ^rves  a  ""*■■**■"«  ta  decaii  at 
D^'s  expedmencs  and  >iea£fa.  and.  ^'■""■""•*'  as  dns 
is  ihe  nisc  -JUgartded  report  <i£  a  ^■■^■■— i"*  desoent. 
it  timy  beqaoced-at  ij^gK 


■Ai  D^  <rfwi  anir  pjojecmc  ue  theacbcofc  aad.  ^  gate- 
'ss  have  t-jmed  rmt.  "he  'mhapp*-  sacrrcce  ■  ~  iis  we  .n- 
^enuiLVi  ^■nipiuyed  /.is  ■aou;jhcs  :jr  -,ome  /ears  oast  .a 
pianmnjj  i  .-necnod  ;-i  -mkaig  a  *easei  '.lader  water,  "^vich 
ioan  :a  ::.  mo  saouid  .ive  therein  :jr  a  ciartain  :aiie,  and 
then  zy  :::s  ywn  means  only.  ":nng  l:iins€ii  up  to  the  sor- 
:ace.  .--iter  nmc:;  .tudy  '.:e  c-jat,-eived  laat  .Tia  pian  OTtiid 
be  r5ducea  :nt;o  ;:rac:it:e-  Me  ^.-jmmumcated  iiis  :dea  '.a 
".he  "an  -i  '.le  i.'junti^'  "viiere  !:e  !:vbu,  -^nd  had  the  .tiust 
iangume  -:opes  :i  ^utrccss.  Ae  .vcnc  -o  :ar  is  :o  :r^.-  .:is 
jfOfecc  -3.  :tie  Sroauja  near  /annuuta.  .ie  .icted  a  .Vor- 
-.vicri  marxei-joai.  :  Jr  .us  ;;urposc.  -iiiiji  'nn^wif  thirty  :eec 
■.mder  water,  where  nec'jncmucd  during  the  space  oi  twenty- 
four  l:ours,  ind  execuLed  :;!s  design  10  .iia  own  entire  sans- 
:ac:ita.  Zlaied  ".Tinh  :ius  suctjcsii,  '.:«  ^heu  .vanced  to  dvau 
'-TTKi'if  .1  .lis  jventii^n.  .-;e  ^-jiiverseu  'vitn  j.is  ;r;enda, 
.Dnvintjed  taem  .aat  .".c  .'.au  jruu^ut  .us  ^mdenaimg  ~.o  i 
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certainty;  but  how  to  reap  the  advantage  of  it  was  the 
difficulty  that  remained.  The  person  in  whom  he  confided 
suggested  to  him,  that,  if  he  acquainted  the  sporting 
Gentlemen  with  the  discovery,  and  the  certainty  of  the 
performance,  considerable  betts  would  take  place,  as  soon 
as  the  project  would  be  mentioned  in  company.  The 
Sporting  Kalendar  was  immediately  looked  into,  and  the 
name  of  Blake  soon  occurred;  that  gentleman  was  fixed 
upon  as  the  person  to  whom  Mr.  Day  ought  to  address 
himself.  Accordingly,  Mr.  Blake,  in  the  month  of  No- 
vember last,  received  the  following  letter: 

"Sir, 

"I  found  out  an  affair  by  which  many  thousands  may 
be  won;  it  is  of  a  paradoxical  nature,  but  can  be  performed 
with  ease;  therefore,  sir,  if  youchuse  to  be  informed  of  it, 
and  give  me  one  htmdred  pounds  of  every  thousand  you 
shall  win  by  it,  I  will  very  readily  wait  upon  you  and  in- 
form you  of  it.  I  am  myself  but  a  poor  mechanic  and  not 
able  to  make  anything  by  it  without  your  assistance. 

**Your's,  etc. 

"J.  Day." 


Mr.  Blake  had  no  conception  of  Mr.  Day's  design,  nor 
was  he  sure  that  the  letter  was  serious.  To  clear  the 
matter  up,  he  returned  for  answer,  that,  if  Mr.  Day  would 
come  to  town,  and  explain  himself,  Mr.  Blake  would  con- 
sider of  the  proposal.  If  he  approved  of  it,  Mr.  Day  should 
have  the  recompence  he  desired;  if,  on  the  other  hand, 
the  plan  should  be  rejected,  Mr.  Blake  would  make  him  a 
present  to  defray  the  expences  of  his  journey.  In  a  short 
time  after  Mr.  Day  came  to  town ;  Mr.  Blake  saw  him  and 
desired  to  know  what  secret  he  was  possessed  of.  The 
man  replied,  "that  he  could  sink  a  ship  100  feet  deep  in 
the  sea  with  himself  in  it,  and  remain  therein  for  the  space 
of  24  hours,  without  commtmication  with  anything  above; 
and  at  the  expiration  of  the  time,  rise  up  again  in  the  vessel. " 
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The  pcnpasal.  in  all  its  paxts.  was  new  to  Mr.  Blakt  Be 
took  (kwn  the  petticnlsis.  and.  aitee  consiifering  the 
macter,  desred  scsne  idnd  of  proof  of  the  piactkabUity. 
The  nmo  added  that  if  3>lr.  Blake  notild  fumisfa  him  with 
the  matenais  necenaiy,  be  would  give  hint  sa  occolar 
dcuiuuuLrstica.  A  model  of  the  vessel,  with  which  he  was 
to  perform  che  experiment,  wss  then  required,  and  in  three 
or  ioar  weeks  accomplished,  so  as  to  give  a  perfect  idea  of 
the  principle  upon  which  the  schenro  was  to  be  ■'TiP^TfH. 
aad.  in  time,  a  very  plausible  promise  oi  success,  not  to 
Mr.  Blake  only,  bat  many  other  gentlemen  who  were 
awmdted  upon  the  occasion.  The  consequence  was.  that 
Mr.  Blake,  agreeably  to  the  man's  desire,  advanced  money- 
for  ibe  coostmclica  of  a  vessel  St  for  that  purpose.  Mr. 
Day.  thus  assisted,  went  to  Plymouth  with  iaa  model,  and 
set  a  man  -la  that  place  to  work  upon  it.  The  pressure  of 
the  water  at  lOO  feet  deep  was  a  circnmstance  of  which  Mr. 
Blake  was  advised,  and  touching  that  article  he  gave  the 
strongest  precaotions  to  Mr.  Day.  telling  him,  at  any  ex- 
pence,  to  fortify  the  chamber  in  whtcfa  be  was  to  subsist. 
agaJTwt  the  we^t  of  such  a  body  at  water.  Mr.  Day  set 
off  -.Ti  s^reat  spirits  for  PI'.-mouth,  snd  ■seemed  so  coafidect. 
that  Mr.  Blake  made  a  bett  that  the  project  would  succeed, 
reducing,  however,  the  depth  of  water  from  lOO  yards  to 
loo  feet,  and  the  time  from  24  to  12  hours.  By  the  terms 
of  the  wager,  the  experiment  was  to  be  made  within  three 
months  from  the  date;  but  so  much  time  was  necessary 
for  due  preparation,  that  on  the  appointed  day  things  were 
not  in  readiness  and  Mr.  Blake  lost  the  bett. 

la  some  short  time  afterwards  the  vessel  was  finished. 
and  Mr.  Day  still  continued  eager  for  the  carr>'ing  of  his 
plan  into  execution;  he  was  uneasy  at  the  idea  of  dropping 
the  scheme  and  wished  for  an  opportunity  to  convince  Mr. 
Blake  that  he  could  perform  what  he  had  undertaken.  He 
wrote  from  Plymouth  that  everj-thing  was  in  readiness  and 
should  be  executed  the  moment  Mr.  Blake  arrived.  In- 
duced by  this  promise,  Mr.  Blake  set  out  for  Plymouth: 
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upon  his  arrival  a  trial  was  made  in  Cat-water,  where  Mr. 
Day  lay,  during  the  flow  of  tide,  six  hours,  and  six  more 
during  the  tide  of  ebb;  confined  all  the  time  in  the  room 
appropriated  for  his  use.  A  day  for  the  final  determination 
was  fixed;  the  vessel  was  towed  to  the  place  agreed  upon; 
Mr.  Day  provided  himself  with  whatever  he  thought 
necessary;  he  went  into  the  vessel,  let  the  water  into  her 
and  with  great  composure  retired  to  the  room  constructed 
for  him,  and  shut  up  the  valve.  The  ship  went  gradually 
down  in  22  fathoms  of  water  at  2  o'clock  on  Tuesday, 
June  28,  in  the  afternoon,  being  to  return  at  2  the  next 
morning.  He  had  three  buoys  or  messengers,  which  he 
could  send  to  the  siu"face  at  option,  to  announce  his  situa- 
tion below;  but,  none  appearing,  Mr.  Blake,  who  was  near 
at  hand  in  a  barge,  began  to  entertain  some  suspicion. 
He  kept  a  strict  lookout,  and  at  the  time  appointed,  neither 
the  buoys  nor  the  vessel  coming  up,  he  applied  to  the 
Orpheus  frigate,  which  lay  just  off  the  barge,  for  assistance. 
The  captain  with  the  most  ready  benevolence  supplied 
them  with  everything  in  his  power  to  seek  for  the  ship. 
Mr.  Blake,  in  this  alarming  situation  was  not  content  with 
the  help  of  the  Orpheus  only ;  he  made  immediate  application 
to  Lord  Sandwich  {who  happened  to  be  at  Plymouth)  for 
further  relief.  His  Lordship  with  great  humanity  ordered 
a  number  of  hands  from  the  dock-yard,  who  went  with  the 
utmost  alacrity  and  tried  every  effort  to  regain  the  ship, 
but  unhappily  without  effect. 

Thus  ended  this  unfortunate  affair.  Mr.  Blake  had 
not  experience  enough  to  judge  of  all  possible  contingencies, 
and  he  had  now  only  to  lament  the  creduhty  with  which 
he  listened  to  a  projector,  fond  of  his  own  scheme  but 
certainly  not  possessed  of  skill  enough  to  guard  against 
the  variety  of  accidents  to  which  he  was  liable.  The  poor 
man  has  unfortunately  shortened  his  days;  he  was  not 
however  tempted  or  influenced  by  anybody;  he  confided 
in  his  own  judgment,  and  put  his  life  to  the  hazard  upon 
hiB  own  mistaken  notions. 
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Mny  and  vannm  hars  beoi  thco^HniansoaiJusstrsii^ 
tarim  aad  {aui  ocpesmieni,  thoot^  the  motE  reasonable 
pavC  of  mankind  -eamfri  to  f^tve  it  up  as  wiioily  imprsc- 
drable.  ft  is  wcU-knoim,  that  pent'ttp  air.  wfiea  over- 
charged with  the  vapours  emitted  out  of  ^t'**'^!  botfiea. 
beujuies  unfit  for  rcspif Jtion :  for  mIucL  teason.  thfwp 
aonfiaed  ia  the  4ivmi[>belL  after  omdnaiug  some  dme 
andv  water  an  obliged  to  anne  un,  and  take  ia  frEsh  air, 
orbywjniesicfaiBeassteaau:  ic  Thar  asy  man  sfaotbd  be 
able  after  having  sunk  a  vesad  ta  so  great  a  depth,  :o  make 
that  vesKi  at  pramae,  so  unicfa  more  specificaUy  Hotter 
than  vnter.  as  thereby  to  enable  it  to  iorce  its  way  to  the 
sartux.  thiTMigb  the  depiesaixe  of  9o  great  a  wei^tt.  ia 
a  matter  not  hascily  to  be  ■jedited.  Et«b  cork,  wfaea 
ntnk  to  a  i-'eituin  >!eptb  win.  by  the  great  neigjit  of  the 


The  T^tigHnh  of  the  Ammai  SegisUr  leaves  nmch  to 
be  desired  in  clantv-  It  makcB  reaaooabiy  dear, 
however,  that  the  uniortunate  Mr.  D^'s  kmnriedge 
1-rf  '.nhmarnie  ■Tondiaons  was,  by  no  means.  i?traal  to 

Mr.  Blake's  sporting  spirit.  Even  ro-day  one  hundred 
feet  is  an  unusual  depth  oi  suiamersion  for  the  largest 
submarines. 

The  credit  for  'osing  a  submarine  boat  for  the  lirst 
time  in  actual  warfare  belongs  to  a  Yankee.  David 
Bushneli.  He  was  bom  in  Saybrook.  Connecticut, 
and  graduated  from  Yaie  with  :he  class  of  1 775. 
While  still  in  college  he  was  interested  in  icience  and 
as  far  as  liis  means  and  opportunities  allowed,  he  de- 
voted a  great  deal  oi  his  time  and  energy  to  experimental 
work.  The  problem  which  attracted  his  special  at- 
tention was  how  to  explode  powder  -onder  water,  and 
before  very  long  he  succeeded  in  solvrng  this  to  his 
own  salisiaction  as  well  as  to  that  oi  a  number  of  pro- 
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minent  people  amongst  whom  were  the  Goveraor  of 
Connecticut  and  his  Council.  Bushnell's  experiments, 
of  course,  fell  in  the  period  during  which  the  Revolu- 
tionary War  was  fought,  and  when  he  had  completed 
his  invention,  there  naturally  presented  itself  to  him  a 
further  problem.  How  could  his  device  be  used  for 
the  benefit  of  his  country  and  against  the  British  ships 
which  were  then  threatening  New  York  City?  As  a 
means  to  this  end,  Bushnell  planned  and  built  a  sub- 
marine boat  which  on  accoimt  of  its  shape  is  usually 
called  the  Turtle. 

General  Washington  thought  very  highly  of  Bushnell, 
whom  he  called  in  a  letter  to  Thomas  Jefferson  "a 
man  of  great  mechanical  powers,  fertile  in  inventions 
and  master  of  execution."  In  regard  to  Bushnell's 
submarine  boat  the  same  letter,  written  after  its  fail- 
ure, says:  "I  thought  and  still  think  that  it  was  an 
effort  of  genius,  but  that  too  many  things  were  neces- 
sary to  be  combined  to  expect  much  against  an  enemy 
who  are  always  on  guard." 

During  the  whole  period  of  the  building  of  the  Turtle 
Bushnell  was  in  ill  health.  Otherwise  he  would  have 
navigated  it  on  its  trial  trip  himself  for  he  was  a  man 
of  undoubted  courage  and  wrapped  up  alike  in  the 
merits  of  his  invention  and  in  the  possibility  of  utiliz- 
ing it  to  free  New  York  from  the  constant  ignominy  of 
the  presence  of  British  ships  in  its  harbour.  But  his 
health  made  this  out  of  the  question.  Accordingly 
he  taught  his  brother  the  method  of  navigating  the 
craft,  but  at  the  moment  for  action  the  brother  too 
fell  ill.  It  became  necessary  to  hire  an  operator. 
This  was  by  no  means  easy  as  volunteers  to  go  below 
the  water  in  a  submarine  boat  of  a  type  hitherto  un- 
dreamed of.  and  to  attach  an  explosive  to  the  hull 
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of  a  British  man-of-war,  the  sentries  upon  which  were 
presumably  especially  vigilant,  being  in  a  hostile  har- 
bour, was  an  adventure  likely  to  attract  only  the  most 
daring  and  reckless  spirits.  In  a  letter  to  Thomas 
Jefferson,  other  portions  of  which  we  shall  have  occa- 
sion to  quote  later,  Bushnell  refers  to  this  difficulty 
in  finding  a  suitable  operator  and  tells  briefly  and  with 
evident  chagrin  the  story  of  the  failure  of  the  attempts 
made  to  utilize  successfully  his  submarine: 

After  various  attempts  to  find  an  operator  to  my  wish. 
I  sent  one  who  appeared  more  expert  than  the  rest  itota 
New  York  to  a  50-gun  ship  lying  not  far  from  Governor's 
Island.  He  went  under  the  ship  and  attempted  to  fii 
the  wooden  screw  into  her  bottom,  but  struck,  as  he  sup- 
poses, a  bar  of  iron  which  passes  from  the  rudder  hinge,  and 
is  spiked  under  the  ship's  quarter.  Had  he  moved  a  few 
inches,  which  he  might  have  done  without  rowing.  I  have 
no  doubt  but  he  would  have  found  wood  where  he  might 
have  fixed  the  screw,  or  if  the  ship  were  sheathed  with 
copper  he  might  easily  have  pierced  it:  but,  not  being 
well  skilled  in  the  management  of  the  vessel,  in  attempting 
to  move  to  another  place  he  lost  the  ship.  After  seeking 
her  in  vain  for  some  time,  he  rowed  some  distance  and 
rose  to  the  surface  of  the  water,  but  found  daylight  had 
advanced  so  far  that  he  durst  not  renew  the  attempt.  He 
says  that  he  could  easily  have  fastened  the  magazine 
under  the  stem  of  the  ship  above  water,  as  he  rowed  up 
to  the  stem  and  touched  it  before  he  descended.  Had  he 
fastened  it  there  the  explosion  of  150  lbs.  of  powder  (the 
quantity  contained  in  the  magazine)  must  have  been  fatal 
to  the  ship.  In  his  return  from  the  ship  to  New  York  he 
passed  near  Governor's  Island,  and  thought  he  was  dis- 
covered by  the  enemy  on  the  island.  Being  in  haste  to 
avoid  the  danger  he  feared,  he  cast  off  the  magazine,  as  he 
imagined  it  retarded  him  in  the  swell,  which  was  very  con- 
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siderable.  After  the  magazine  had  been  cast  ofE  one  hour, 
the  time  the  internal  apparattis  was  set  to  nm,  it  blew  up 
with  great  violence. 

Afterwards  there  were  two  attempts  made  in  Hudson's 
River,  above  the  city,  but  they  effected  nothing.  One  of 
them  was  by  the  aforementioned  person.  In  going  towards 
the  ship  he  lost  sight  of  her,  and  went  a  great  distance  be- 
yond her.  When  he  at  length  foimd  her  the  tide  ran  so 
strong  that,  as  he  descended  under  water  for  the  ship's 
bottom,  it  swept  him  away.  Soon  after  this  the  enemy 
went  up  the  river  and  pursued  the  boat  which  had  the  sub- 
marine vessel  on  board  and  stmk  it  with  their  shot.  Though 
I  afterwards  recovered  the  vessel,  I  found  it  impossible  at 
that  time  to  prosecute  the  design  any  farther. 

The  operator  to  whom  Bushnell  had  entrusted  his 
submarine  boat  was  a  typical  Yankee,  Ezra  Lee  of 
Lyme,  Connecticut.  His  story  of  the  adventure  differs 
but  little  from  that  of  Bushnell,  but  it  is  told  with  a 
calm  indifference  to  danger  and  a  seeming  lack  of  any 
notion  of  the  extraordinary  in  what  he  had  done  that 
gives  an  idea  of  the  man.  **When  I  rode  imder  the 
stem  of  the  ship  [the  Eagle]  I  could  see  the  men  on  deck 
and  hear  them  talk,"  he  wrote.  "I  then  shut  down  all 
the  doors,  stmk  down,  and  came  up  imder  the  bottom 
of  the  ship." 

This  means  that  he  hermetically  sealed  himself  in- 
side of  a  craft,  shaped  like  two  upper  turtle  shells 
joined  together — hence  the  name  of  the  Turtle,  He 
had  entered  through  the  orifice  at  the  top,  whence  the 
head  of  the  turtle  usually  protrudes.  This  before 
sinking  he  had  covered  and  made  water-tight  by  screw- 
ing down  upon  it  a  brass  crown  or  top  like  that  to  a 
flask.  Within  he  had  enough  air  to  support  him  thirty 
minutes.    The  vessel  stood  upright,  not  flat  as  a  turtle 
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carries  himsdf.  It  ?ras  maintanied  in  this  position 
by  lead  ballast.  Within  the  operator  occupiBd  an 
upright  position,  haU  ^itni^,  hall  standing.  To  sink 
wftt«r  was  admitted,  which  gathered  in  the  lower  part 
of  the  boat,  while  to  rise  again  this  was  expeiled  by  a 
force  pump.  There  were  ventilaiors  and  portholes 
for  the  admission  oi  light  and  air  when  operating  on 
the  surface,  but  once  the  cap  was  scmrad  down  the 
operator  was  in  darkness. 

In  this  craft,  which  at^gests  more  than  anything 
eloe  a  oiriously  shaped  submarine  coffin.  Lee  drifted 
along  by  the  side  of  the  ship,  navigating  with  difficulty 
with  his  single  oar  and  seeking  vainly  to  find  some  spot 
to  which  he  might  affix  his  magazine.  A  fact  which 
might  have  disquieted  a  more  nervous  man  was  that 
the  dockworic  of  this  macjiine  was  mmnng  and  had 
been  set  to  go  off  in  an  hour  from  the  tune  the  voy^e 
was  undertaken.  As  to  almost  anyone  in  that  posi- 
tion minutes  would  seem  hours,  the  raJmneas  of  sailor 
Lee*s  nerves  seems  to  be  something  beyond  the  ordi- 
nary. 

When  he  finally  abandoned  the  attempt  on  the 
Eagle  he  started  up  the  hay.  0£E  Governor's  Island 
he  narrowly  escaped  capture. 

When  I  was  abreast  of  the  Fort  on  the  Island  three  hundred 
or  four  hundred  men  got  upon  the  parapet  to  observe  me; 
at  length  a  number  came  down  to  the  shore,  shoved  o2  a 
twelve  oar'd  barge  with  five  or  six  sitters  and  pulled  for  me. 
I  eyed  them,  and  when  they  had  got  within  fifty  or  sixty 
yards  of  rae  I  let  loose  the  magazine  in  hopes  that  if  they 
should  take  rae  they  would  likewise  pick  up  the  magazine 
and  then  we  should  all  be  blown  up  together.  But  as  kind 
providence  would  have  it  they  took  fright  and  returned  to 
the  Island  to  ray  infinite  joy.    .    .    .     The  magazine  after 
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getting  a  little  past  the  Island  went  off  with  a  tremendous 
explosion,  throwing  up  large  bodies  of  water  to  an  immense 
height. 

During  the  last  quarter  of  the  eighteenth  and  during 
the  first  half  of  the  nineteenth  century  Prance  was  the 
chief  centre  for  the  activities  of  submarine  inventors. 
However,  very  few  of  the  many  plans  put  forward  in 
this  period  were  executed.  The  few  exceptions  re- 
sulted in  little  else  than  trial  boats  which  usually  did 
not  live  up  to  the  expectations  of  their  inventors  or 
their  financial  backers  and  were,  therefore,  discarded 
in  quick  order.  In  spite  of  this  lack  of  actual  results 
this  particular  period  was  of  considerable  importance 
to  the  later  development  of  the  submarine.  Almost 
every  one  of  the  many  boats  then  projected  or  built 
contained  some  innovation  and  in  this  way  some  of 
the  many  obstacles  were  gradually  overcome.  Strictly 
speaking  the  net  result  of  the  experimental  work  done 
dxuing  these  seventy-five  years  by  a  score  or  more  of 
men,  most  of  whom  were  French,  though  a  few  were 
English,  was  the  creation  of  a  more  sane  and  sound 
basis  on  which,  before  long,  other  men  began  to  build 
with  greater  success. 

The  one  notable  accomplishment  of  interest,  espe- 
cially to  Americans,  was  the  submarine  built  in  1800- 
01  by  Robert  Fulton.  Fulton,  of  course,  is  far  better 
known  by  his  work  in  connection  with  the  discovery 
and  development  of  steam  navigation.  Bom  in  Penn- 
sylvania in  1765,  he  early  showed  marked  mechanical 
genius.  In  1787  he  went  to  England  with  the  purpose 
of  studying  art  under  the  famous  painter  West,  but 
soon  began  to  devote  most  of  his  time  and  energy  to 
mechanical   problems.     Not   finding   in   England    as 
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much  eacouraneinent  as  be  had  hoped,  he  went,  ia. 
1797.  t4  Pam  suid.  for  the  next  mvea  years,  lived  thenr  I 
in  the  house  0/  the  Amehcan  \timster.  Joei  Baxioir. 

As  soon  as  he  had  seuted  down  in  Prance,  he  ofleted 
hi«  plaiw  nt  a  submarine  boat  which  he  called  thftsJ 
Nauhius    to    the    French    Government.     Thoagji 
special  commission  reported  favourably  on  this  1 
the  rtppo5ition  ni  the  French  Minister  of  the  1 
L.iras  too  sdong  to  be  orcrcome,  even  after  i 
ItommiiRion  had  approved  a  mode)  bttiit  by  ] 
1  In   iHoo.  however,  he  was  succes^u]  in  gaining  1 
moral  and  financial  sappoit  of  Xapoleoa  Bonaparte;; 
then  First  Consul  of  the  French  Republic 

pTiItoo  immediatcfy  proceeded  to  biiild  the  XaxUiiur 
and  completed  the  boat  in  May,  1801.  It  was  cigar- 
shaped,  about  seven  feet  in  diameter  and  over  twentr- 
one  feet  in  length.  The  hull  was  of  copper  strengthened 
by  iron  ribs.  The  mcsst  noticeable  features  were  a  col- 
lapsible mast  and  sail  and  a  small  conning  tower  at  the 
forward  end.  The  boat  was  propelled  by  a  whed 
affixed  to  the  centre  of  the  stem  and  worked  by  a  hand- 
winch.  A  rudder  was  used  for  steering,  and  increased 
stability  was  gained  by  a  keel  which  ran  the  whole 
length  of  the  hull. 

Soon  after  completion  the  boat  was  taken  out  for  a 
number  of  trial  trips  a!l  of  which  were  carried  out  with 
signal  success  and  finally  culminated,  on  June  26,  1801, 
in  the  successful  blowing  up  of  an  old  ship  furnished 
by  the  French  Government.  Although  the  Nautilus 
created  a  great  sensation,  popular  as  well  as  official 
interest  began  soon  to  flag.  Fulton  received  no  further 
encouragement  and  finally  gave  up  his  submarine 
experiments. 

In  1806  he  returned  to  America.     By  1814  he  had 
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built  another  submarine  boat  which  he  called  the  Mute. 
It  was,  comparatively  speaking,  of  immense  size,  being 
over  eighty  feet  long,  twenty-one  feet  wide,  and  four- 
teen feet  deep  and  accommodating  a  hundred  men. 
It  was  iron-plated  on  top  and  derived  its  peculiar  name 
from  the  fact  that  it  was  propelled  by  a  noiseless  engine. 
Before  its  trials  could  be  completed,  Fulton  died  on 
February  24,  1815,  and  no  one  seemed  to  have  sufficient 
interest  or  faith  in  his  new  boat  to  continue  his  work. 

In  the  middle  of  the  nineteenth  century  for  the 
first  time  a  Gennan  became  seriously  interested 
in  submarines.  His  name  was  Wilhelm  Bauer.  He 
was  bom  in  1822  in  a  small  town  in  Bavaria  and, 
though  a  turner  by  trade,  joined  the  army  in  1842. 
Bauer  was  even  in  his  youth  of  a  highly  inventive  turn 
of  mind.  He  possessed  an  indomitable  will  and  an 
unlimited  supply  of  enthusiasm.  Step  by  step  he 
acquired,  in  what  little  time  he  could  spare  from  his 
military  duties,  the  necessary  mechanical  knowledge, 
and  finally,  supported  financially  by  a  few  loyal  friends 
and  patrons,  he  built  his  first  submarine  at  Kiel  at  a 
cost  of  about  $2750.  It  sank  to  the  bottom  on  its 
first  trial  trip,  fortunately  without  anyone  on  board. 
Undaunted  he  continued  his  efforts. 

When  he  found  that  his  support  atKiel  was  weaken- 
ing, he  promptly  went  to  Austria.  In  spite  of  glowing 
promises,  opposition  on  the  part  of  some  officials  de- 
prived Bauer  of  the  promised  assistance.  He  went 
then  to  England  and  succeeded  in  enlisting  the  interest 
of  the  Prince  Consort.  A  boat  was  built  according 
to  Bauer's  plans,  which,  however,  he  was  forced  by 
the  interference  of  politicians  to  change  to  such  an 
extent  that  it  sank  on  its  first  trial  with  considerable 
loss  of  life. 
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Still  full  of  faith  in  his  ability  to  produce  a  successful 
submarine,  Bauer  now  went  to  Russia.  In  1855,  he 
built  a  boat  at  St.  Petersburg  and  had  it  accepted  by 
the  Russian  Government.  It  was  called  Le  Diable 
Marin  and  looked  very  much  like  a  dolphin.  Its 
length  was  fifty-two  feet,  its  beam  twelve  feet  five 
inches,  and  its  depth  eleven  feet.  Its  hull  was  of  Iron. 
A  propeller,  worked  by  four  wheels,  furnished  motive 
power.  Submersion  and  stability  were  regulated  by 
four  cylinders  into  which  water  could  be  pumped  at 
wiU. 

The  first  trial  of  the  boat  was  made  on  May  26, 
1856,  and  was  entirely  successful.  In  later  trials  as 
many  as  fourteen  men  at  a  time  descended  in  Le  Viable 
Marin.  It  is  said  that  Bauer  made  a  total  of  134  trips 
on  his  boat.  All  but  two  were  carried  out  successfully. 
At  one  time,  however,  the  propeller  was  caught  in  some 
seaweed  and  it  was  only  by  the  quickest  action  that 
all  the  water  wzis  pumped  out  and  the  bow  of  the  boat 
allowed  to  rise  out  of  the  water,  so  that  the  occupants 
managed  to  escape  by  means  of  the  hatchway.  Like 
Fulton  in  France,  Bauer  now  experienced  in  Russia  a 
sudden  decrease  of  official  interest.  When  he  finally 
lost  his  boat,  about  four  weeks  later,  he  also  lost  his 
courage,  and  in  1858  he  returned  to  Germany  where 
he  later  died  in  comparative  poverty. 

Contemporary  with  Bauer's  submarines  and  imme- 
diately following  them  were  a  large  number  of  other 
boats.  Some  of  these  were  little  more  than  freaks. 
Others  failed  in  certain  respects  but  added  new  features 
to  the  sum-total  of  submarine  inventions.  As  early  as 
1854,  M.  Mari6-Davy,  Professor  of  Chemistry  at  Mont- 
pellier  University,  suggested  an  electro-magnetic  engine 
as  motive  power.     In  [855  a  well-known  engineer,  J. 
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Nasmith,  suggested  a  submerged  motor,  driven  by  a 
steam  engine.  None  of  the  boats  of  this  period  proved 
successful  enough,  however,  to  receive  more  than 
passing  notice,  and  very  few,  indeed,  ever  reached  the 
trial  stage.  But  before  long  the  rapid  development  of 
internal-combustion  engines  and  the  immense  progress 
made  in  the  study  of  electricity  was  to  advance  the 
development  of  submarines  by  leaps  and  bounds. 
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'^.h'vrvA  .'1  small  object  looking  somewhat  like  a  pleasure 
^«^^t,.  :"lnatin^  -lose  "o  his  'iwii  -hip.  Before  Ensign 
[ Toward '.s  '-rder  "o  lire  at  i:  ■:omd  ije  executed,  the 
Iron'^uUs  vas  ..liaken  from  bow  to  :4:ern.  .in  immense 
■■olnnin  ot  -vater  ■'-■as  thrown  up  and  riooded  her  -ieck 
.-infl  r-ngine  room,  ind  Ensign  Howard  lell.  mortally 
■-uoiinded.  The  '.ittie  rioating  object  T.-as  responsible 
for  Till  this.  Ic  -vas  a  Com'ederate  .submersible  boat, 
only  fifty  feet  long  and  nine  feet  in  iliameier,  carrying  a 
fiftften-foot  ^par-torpedo.  5he  had  been  named  David 
rmd  the  Confederate  authorities  hoped  to  do  away  by 
means  of  her   -vith  ;he  Goiiaths  of  the  Federal  navy. 
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Manned  only  by  five  men,  under  the  command  of 
Lieutenant  W.  T.  Glassel,  driven  by  a  small  engine  and 
propeller,  she  had  managed  to  come  up  imobserved  with- 
in striking  distance  of  the  big  battleship. 

The  attack,  however,  was  imsuccessful.  The  Iron- 
sides was  imdamaged.  On  the  other  hand  the  plucky 
little  David  had  been  disabled  to  such  an  extent  that 
her  crew  had  to  abandon  her  and  take  to  the  water, 
allowing  their  boat  to  drift  without  motive  power. 
Pour  of  them  were  later  picked  up.  According  to  an 
accoimt  in  Barnes,  Torpedoes  and  Torpedo  Warfare^  the 
engineer,  after  having  been  in  the  water  for  some  time, 
foimd  himself  near  her  and  succeeded  in  getting  on 
board.  He  relighted  her  fires  and  navigated  his  little 
boat  safely  back  to  Charieston.  There  she  remained, 
making  occasional  unsuccessful  sallies  against  the 
Federal  fleet,  and  when  Charleston  was  finally  occupied 
by  the  Federal  forces,  she  was  found  there. 

In  spite  of  this  failure  the  Confederates  continued 
their  attempts  to  break  the  blockade  of  their  most 
important  port  by  submarine  devices.  A  new  and 
somewhat  improved  David  was  ordered  and  built  at 
another  port.  News  of  this  somehow  reached  the 
Federal  Navy  Department  and  was  immediately  com- 
municated to  Vice- Admiral  Dahlgren,  in  command  of 
the  blockading  fleet.  Despite  this  warning  and  instruc- 
tions to  all  the  officers  of  the  fleet,  the  second  David 
succeeded  in  crossing  Charleston  bar. 

This  new  boat  was  a  real  diving  submarine  boat  and 
though  frequently  called  David  had  been  christened  the 
Hundley.  It  had  been  built  in  the  shipyards  of  Mc- 
Clintock  &  Himdley  at  Mobile,  Alabama,  and  had 
been  brought  to  Charleston  by  rail.  On  her  trial  she 
proved  very  clumsy  and  difficult  to  manage.    For  her 
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■  -n  the  siunace  -.jI  the  '.vaier  uppareQLly  made  no  difier- 
.nce  when  i:  came  to  linding  new  crews  lor  iier.  3y  rhis 
*:rae.  iiowever,  'he  i,'owers  ;haL  be  had  become  anxious 

■  iiai  their  ^'iibmarme  boat  ;=houid  aceompiish  iomeihing 
;.;;amst  aa  tnemy.  .nscead  oi  drowumg  uiiiy  iier  own  men 
,ind  it  was  decided  to  use  b.er  on  ihe  next  tnp  in  a  sub- 
:nerged  state.  .Vgain  Lieutenant  Payne  was  entnisted 
■■-nth  iier  guidance.  Lier  iiatciies  were  idosed,  lier  water 
-  .in  k's  idled,  and  ^he  was  ort  tor  iier  hrst  'hve.  Some- 
■hing  went  uTong  Iiowever;  ciiher  cou  nmcii  water  had 
")een  pm  m  her  caniis  or  tise  ihe  iteenug  gear  reiused 
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to  work.  At  any  rate  she  hit  the  muddy  bottom  with 
such  force  that  her  nose  became  deeply  imbedded  and 
before  she  could  work  herself  free  her  entire  crew  of 
eight  was  suffocated.  Lieutenant  Payne  himself  lost 
his  life  which  he  had  risked  so  valiantly  and  fre- 
quently before. 

Once  more  she  was  raised  and  once  more  volunteers 
rushed  to  man  her.  On  the  fifth  trip,  however,  the 
Hundley,  while  travelling  under  water,  became  entangled 
in  the  anchor  chains  of  a  boat  she  passed  and  was  held 
fast  so  long  that  her  crew  of  nine  were  dead  when  she 
was  finally  disentangled  and  raised. 

Thirty-five  lives  had  so  far  been  lost  without  any 
actual  results  having  been  accomplished.  In  spite  of 
this  a  new  crew  was  found.  Her  commander,  Lieu- 
tenant Dixon,  was  ordered  to  make  an  attack  against 
the  Federal  fleet  inmiediately,  using,  however,  the  boat 
as  a  submersible  instead  of  a  submarine. 

Admiral  David  Porter  in  his  Naval  History  of  the 
Civil  War  described  the  attack,  which  was  directed 
against  the  U.  S.  S.  Housatonic,  one  of  the  newest  Fed- 
eral battleships,  as  follows : 

At  about  8.45  p.  M.,  the  officer  of  the  deck  on  board 
the  unfortunate  vessel  discovered  something  about  one 
hundred  yards  away,  moving  along  the  water.  It  came 
directly  towards  the  ship,  and  within  two  minutes  of  the 
time  it  was  first  sighted  was  alongside.  The  cable  was 
slipped,  the  engines  backed,  and  all  hands  called  to  quarters. 
But  it  was  too  late — the  torpedo  struck  the  Housatonic  just 
forward  of  the  mainmast,  on  the  starboard  side,  on  a  line 
with  the  magazine.  The  man  who  steered  her  (the  Hund- 
ley) knew  where  the  vital  spots  of  the  steamer  were  and  he 
did  his  work  well.  When  the  explosion  took  place  the  ship 
trembled  all  over  as  if  by  the  shock  of  an  earthquake,  and 
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■eemed  lo  be  lifted  oat  ot  the  wmter.  and  ihen  sank  stem 
foiBDOst,  beeiisg  to  port  as  she  went  dowo. 


Only  a  paix  of  ihe  ^ToKJoXomc' J  compiemect  was  saved. 
Of  the  Uundiey  no  irace  vfa&  discovered  and  she  was 
believed  lo  have  escaped.  Three  years  iaCer,  however, 
dtvers  who  had  been  senc  down  lo  examine  the  hull  ot  the 
JJausatoiue  foimd  the  little  submarine  stack  in  the  hole 
mode  by  her  attack  on  the  larger  ship  and  inside  of  her 
the  bodies  ai  her  entire  crew. 

The  sabniarines  and  oear-submarines  bmk  in  the 
United  States  during  the  Civil  War  were  remarkable 
I'ather  for  what  they  actually  accomplished  than  tor 
what  they  contributed  towards  the  rlevelopment  of 
sabmarine  boats.  Perhaps  the  greatest  service  which 
they  rendered  in  the  Latter  directioa  was  that  they 
proved  to  the  satisfaction  of  many  scientific  men  that 
submarine  boats  really  held  vast  possibilities  as  instm- 
ments  of  naval  war^re. 

Prance  still  retained  its  lead  in  furnishing  new  sub- 
marine projects.  One  of  these  put  forward  in  1861 
by  Olivier  Riou  deserves  mention  because  it  provided  for 
two  boats,  one  driven  by  steam  and  one  by  electricity. 
Both  of  these  submarines  were  built,  but  inasmuch  as 
nothing  is  known  of  the  result  of  their  trials,  it  is  safe 
to  conclude  that  neither  of  them  proved  of  any  prac- 
tical value. 

Two  years  later,  in  1863,  two  other  Frenchmen,  Cap- 
tain Bourgeois  and  M.  Brun,  built  at  Rochefort  a  sub- 
marine 146  feet  long  and  12  feet  in  diameter  which 
they  called  the  Ptongeur.  They  fitted  it  with  a  com- 
pressed-air engine  of  eighty  horse-power.  Extensive 
trials  were  made  with  this  boat  but  resulted  only  in  the 
discovery  that,  though  it  was  possible  to  sink  or  rise 
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with  a  boat  of  this  type  without  great  difficulty,  it  was 
impossible  to  keep  her  at  an  even  keel  for  any  length  of 
time. 

During  the  next  few  years,  undoubtedly  as  a  result 
of  the  submarine  activities  during  the  Civil  War,  a 
ntmiber  of  projects  were  put  forward  in  the  United 
States,  jione  of  which^  however,  turned  out  success- 
fully. One  of  them,  for  which  a  man  by  the  name  of 
Halstead  was  responsible,  was  a  submarine  built  for 
the  United  States  Navy  in  1865.  It  was  not  tried 
out  until  1872  and  it  was  not  even  successful  in  living 
up  to  its  wonderful  name,  The  Intelligent  Whale. 
Its  first  trial  almost  resulted  in  loss  of  life  and  was 
never  repeated.  In  spite  of  this,  however,  the  boat 
was  preserved  and  may  still  be  seen  at  the  Brooklyn 
Navy  Yard. 

In  the  meantime,  an  invention  had  been  made  by  an 
Austrian  artillery  officer  which  before  long  was  to  ex- 
ert a  powerful  influence  on  submarine  development, 
though  it  was  in  no  sense  a  submarine  boat.  The 
manner  in  which  the  submarines  had  attacked  their 
opponents  during  the  Civil  War  suggested  to  him  the 
need  of  improvements  in  this  direction.  As  a  result  he 
conceived  a  small  launch  which  was  to  carry  the  explo- 
sive without  any  navigators.  Before  he  could  carry  his 
plans  very  far  he  died.  A  brother  officer  in  the  navy 
continued  his  work  and  finally  interested  the  manager 
of  an  English  engineering  firm  located  at  Fiume,  Mr. 
Whitehead.  The  result  of  the  collaboration  of  these 
two  men  was  the  Whitehead  torpedo.  A  series  of  experi- 
ments led  to  the  construction  of  what  was  first  called 
a  "Submarine  Locomotive"  torpedo,  which  not  only 
contained  a  suflScient  quantity  of  explosives  to  destroy 
large  boats,  but  was  also  enabled  by  mechanical  means 
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and  inhuman  character  of  the  men  who  command  the 
German  submarines  to-day.  His  Captain  Nemo  had 
taken  a  vow  of  hate  against  the  world  and  relentlessly 
drove  the  prow  of  his  steel  boat  into  the  hulls  of  crowded 
passenger  ships,  finding  his  greatest  joy  in  sinking  slowly 
beside  them  with  the  bright  glare  of  his  submarine 
electric  lights  turned  full  upon  the  hapless  women  and 
children  over  whose  sufferings  he  gloated  as  they  sank. 
The  man  who  sank  the  Lusitania  could  do  no  more. 

More  and  more  determined  became  the  attempts  to 
build  submarine  boats  that  could  sink  and  rise  easily, 
navigate  safely  and  quickly,  and  sustain  himian  beings 
tmder  the  surface  of  the  water  for  a  considerable  length 
of  time.  Steam,  compressed  air,  and  electricity  were 
called  upon  to  do  their  share  in  accomplishing  this 
desired  result.  Engineers  in  every  part  of  the  world 
began  to  interest  themselves  in  the  submarine  problem 
and  as  a  result  submarine  boats  in  nimibers  were  either 
projected  or  built  between  1875  and  1900. 

One  of  the  most  persistent  workers  in  this  period  was 
a  well-known  Swedish  inventor,  Nordenfeldt,  who  had 
established  for  himself  a  reputation  by  inventing  a  gim 
which  even  to-day  has  lost  nothing  of  its  fame.  In  1 88 1 
he  became  interested  in  the  work  which  had  been  done 
by  an  English  clergyman  named  Garret.  The  latter 
had  built  a  submarine  boat  which  he  called  the 
Resurgam  (I  shall  rise) — thus  neatly  combining  a  sacred 
promise  with  a  profane  purpose.  In  1879  another  boat 
was  built  by  him  driven  by  a  steam  engine.  Norden- 
feldt used  the  f imdamental  ideas  upon  which  these  two 
boats  were  based,  added  to  them  some  improvements 
of  his  own  as  well  as  some  devices  which  had  been  used 
by  Bushnell,  and  finally  launched  in  1886  his  first  sub- 
marine boat.     The  government  of  Greece  bought  it 


riTYictoiiy  '-ise.  moving  't  lew  .teps.  "vouid  bnng  about 
'he-.  ..-trr.r  - leniorable  xate  --t  mairs.  The  Xordenieidi 
II.  -.e'.fA  -nnrft  ]:ke  a  Sucking  jronco  than  i  icif- 
r!T-.ryf:r,;ns;  .urjmanne  ''joac  .ind  is  a  resuit  ::  became 
imry.'-'.Mr.lf;  'o  i".nd  ri  -.rew  -niiing  "o  rLsk  -heir  lives  in 
manr.in;;  r.er.  ,'Jeiore  -riiT/  !or.g  :he  >,ad  nisced  and 
r-'.'.'r-n  r,  'Acci^..  ',n  ,pite  <i  'hib  lack  ii  foccess. 
N'^irdcnt'cidt  I'jiil  a  lourth  bnat  ■:^-hit;h  'iispiayed  almost 
aa  many  'iniortanaLe  features  as  i'.er  predecessors  and 
Win  '.vaa  'iiscarried  and  lor^otten. 

In  'he  iactcr  -lan  '.i  "he  nineteenth  ■:entury  rhe 
Prwich  ''.'jvemment.  vhich  for  so  many  years  had  shown 
a  croni;  'ind  '.ontinuoa^  interebC  in  "he  -ubmarine 
problf.Tn,  '^as  particuiariy  active.    Three  ^liUerent  types 
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13ic  Crnning  of  STram  and  Htectridn*  »? 


nf  isoaxs  haiih  ir  tii?  pchnd  under  the  acspi^^anc  with 
iase  asssssanse  of  ibf  Prsnch  CVovenmwn:  d«8srvY  nar> 
licuiar  atnentiar..  Thf  i:^*  o:  these  wsfcs  th<:  C-rmtuiU. 
pfirrmrr  ariginaliy  by  ^  vet4mcmT  Pwjvri:  enpn«iT, 
Zhnray  de  l-onie.  iwiiose  aler:  mine  aisr  nlannei  ar.  air- 
iship  anr  TTiarif  hirr  £.n|rxmr  ir  ihf  insoarj-  o:  our  T^anama 
Canal.  Se  died,  hawpver.  hefcmc  hif  nroift?.:  coalc  hr 
fflEscmad.  M.  Gnsiavt  2edt,  t  marinf  engineer  and 
inF  TTTffnr..  rnrntrmer  ni^  woci  after  modifying  snnv  of 
ins  jifems.  Hie  pTenci:  Miniicrer  o:"  jViarmt  n:  ihi^ 
Tgrind  Admiral  Auhf  vn\c  had  Innj:  beer,  strongly 
JimriffsiffT  in  sufamarmes.  mmwdiaieJy  ar-:«\Tec  XI. 
2ede  s  desigr  and  ordered  ihr  hna:  tr  he  huil;  A?^  xhc 
fHiltffs:  of  snrfTsmi:  submarine?  siw  nwrit?  deRcrintinr. 

Tie  Gymmatc  iKas  buih  n:  s^ieel  ir.  ihr  jiiapc  of  s.  <"igar. 
5^  was  5P  MH  lang.  5  iee:  o  inches  beam,  and  ^  fee:  in 
riianttiig>.  ms:  deer  enougt  xr  allow  ^  mar.  tx^  jctand 
uprigir  ir  thf  inierinr  The  mot:vf  nower  was  orijrin- 
aliy  an  eiecrrnvmoior  a:  55  horse^ power,  drix'cr.  iron:  5134 
acrrnnuiatais.  Ir  was  cc  esrrraardiriary^  hfrhtness..  wei|rh- 
ing  tmh:  4430  pounds,  and  dro^^  ihf  5;cTeiK  a:  ihr  rait^ 
DC  twD  thcrasand  TPvoiumnns  a  minuT^c.  jrvinp  a  speed 
DC  six  knois  an  hour,  iis  radius  of  ar:tior  a:  this  sneec 
being  tfairry-nve  miles 

ImmersiaE  was  arramnr-shed  bv  thf  introductior.  o: 
water  into  three  reservoirs  pia^^d  vine  lorward  vine  aft, 
and  one  centre  The  water  was  esrnelled  either  bv 
mfgmF  of  comnressed  air  or  bv  t  rotar\'  oumr  worked 
by  an  eie::t3T*-mox3r.  Twr  horizontal  rudders  steered 
^flie  boBX  ir  the  vertical  nlane  and  an  ordinar\^  rudder 
SLDCicd  in  the  horizontal. 

The  Gymnatr  had  her  foe  trial  or.  September 4.  iSSfi. 
and  the  Paris  Ttmps  described  the  nesult  ir.  the  follow- 
3Qg  ffnthusiasuc  language: 
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She  iteerad  Hke  a  fidi  botb  as  R^nA  diractna  and  deptb : 
die  nattered  tbe  dckred  depth  with  eaae  aod  oactneB:  at 
fall  power  ibeaaaiDcd  the  anticyated^icrf  erf  from  nine  u» 
ten  Inw/U:  tbe  Ui^tftDC  was  acdknt.  there  was  ao  difficulty 
•boat  beating.  It  was  a  stnaite  w^t  to  see  the  Tcad 
■kiagnmg  along  the  top  of  tbe  water,  rnddmly  gire  adnm- 
wan)  (rfuDse  with  it«  taoat,  and  disappear  with  a  shark-like 
Wriggie  of  its  stem,  only  to  ooote  t^  again  at  a  distance  oat 
and  in  an  unlooked-for  directioa.  A  few  email  matters 
connected  with  tbe  acmnwlators  had  to  be  seen  to,  but  they 
did  not  take  a  month . 


Following  along  tbe  same  lines  as  this  boat  another 
boat,  considerably  larger,  was  btrilt.  Before  it  was  com- 
pleted, M.  Z6d&  died  and  it  was  decided  to  name  the 
new  boat  in  his  honour.  Tbe  GusUax  Zhii  was  launched 
at  Toulon  on  June  i.  1893;  she  was  159  feet  in  length, 
beam  12  feet  4  inches,  and  had  a  total  displacement  of 
266  ions.  Her  shell  was  of  "Roma"  bronze,  a  non- 
magnetic metal,  and  one  that  could  not  be  attacked  by 
sea  wat«T. 

The  motive  power  was  furnished  by  two  independent 
electro-motors  of  360  horse-power  each  and  fed  by 
accumulators.  In  order  to  endow  the  boat  with  a 
wide  radius  of  action  a  storage  battery  was  provided. 

The  successive  crews  of  the  Gustave  ZidS  suffered 
much  from  the  poisonous  fumes  of  the  accumulators, 
and  during  the  earlier  trials  all  the  men  on  board  were 
ill. 

In  the  bows  was  a  torpedo  tube,  and  an  arrangement 
was  used  whereby  the  water  that  entered  the  tube  after 
the  discharge  of  the  torpedo  was  forced  out  by  com- 
pressed air.  Three  Whitehead  torpedoes  were  carried. 
In  spite  of  the  fact  that  a  horizontal  rudder  placed  at 
the  stem  had  not  proved  serviceable  on  the  Gymnole, 
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such  a  rudder  was  fitted  in  the  Gustave  ZSdS.  With  this 
rudder  she  usually  plunged  at  an  angle  of  about  5°, 
but  on  several  occasions  she  behaved  in  a  very  erratic 
fashion,  seesawing  up  and  down,  and  once  when  the 
Committee  of  Experts  were  on  board,  she  proved  so 
capricious,  going  down  at  an  angle  of  30^-35°,  often 
throwing  the  poor  gentlemen  on  to  the  floor,  that  it  was 
decided  to  fix  a  system  of  six  rudders,  three  on  each  side. 

Four  water  tanks  were  carried,  one  at  each  end  and 
two  in  the  middle,  and  the  water  was  expelled  by  four 
pumps  worked  by  a  little  electro-motor;  these  pumps 
also  furnished  the  air  necessary  for  the  crew  and  for  the 
discharge  of  the  torpedoes.  For  under-water  vision, 
an  optical  tube  and  a  periscope  had  been  provided. 

On  July  5,  1899,  still  another  submarine  boat  was 
launched  for  the  French  Navy.  She  was  called  the 
Morse.  She  was  118  feet  long,  9  feet  beam,  displaced 
146  tons,  and  was  likewise  made  of  **Roma"  bronze. 
The  motive  power  was  electricity  and  in  many  other 
respects  she  was  very  similar  to  the  Gustave  ZidS,  em- 
bodying, however,  a  number  of  improvements.  M. 
Calmette,  who  accompanied  the  French  Minister  of 
War  on  the  trial  trip  of  the  Morse,  described  his  ex- 
perience in  the  Paris  Figaro  as  follows : 

General  Andr6,  Dr.  Vincent,  a  naval  doctor,  and  I  entered 
the  submarine  boat  Morse  through  the  narrow  opening  in 
the  upper  surface  of  the  boat.  Our  excursion  was  to  begin 
inunediately;  in  two  hours  we  came  to  the  surface  of  the 
water  again  three  miles  to  the  north  to  rejoin  the  NarvaL 
Turning  to  the  crew,  every  man  of  which  was  at  his  post, 
the  commandant  gave  his  orders,  dwelling  with  emphasis 
on  each  word.  A  sailor  repeated  his  orders  one  by  one,  and 
all  was  silent.  The  Morse  had  already  started  on  its  mysteri- 
ous voyage,  but  was  skimming  along  the  surface  until  out- 
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iUk  &e  pnrc  ia  order  txi  ivoid  the  numerous  craft  in  tiift 
■snaL  To-say  iJist  at  Ehwrnonieiit.  which  I  had  9o  keenly 
M^cipated,  I  did  noc  have  the  atmor  which  anaes  fiam. 
eoncaet  ivith  the  tmknown  would  be  beside  the  troth.  On 
iSie  nCher  band,  ^shn  and  impercairfaabte.  hut  teeniv  onrious 
MM  CO  ttua  novel  fom  of  navigation.  G^neial  Andi4  bad 
olfBuly  taken  his  piocs  sear  the  cntmnaodaac  an  a.  folding' 
laat.  Thers  ware  no  chairs  in  ihia  Long  Cube  in  which  we 
KCR  impnsoodd.  EverTthins  was  arrangtxl  fbr  the  ccew 
aicoB.  with  an  eye  so  serious  action.  ^Ibreowr,  the 
Mtonter  of  War  was  too  tall  to  stand  upright  beneath  the 
iroa  cei&ns.  and  in  anj  case  it  would  be  io^naufale  bo  walk 
alMiQt. 

Th«  only  Erse  space  was  a  nanrvw  possaee,  ax^  eenti- 
iDetrcs  bfoad.  Less  than  two  metres  bigh,  and  thisLjp  aatna 
toog.  divided  into  three  equal  sections.  £a  tb>  tat,  k  tte 
toftttoat  of  the  tube,  reposed  the  tarpedoc>»  liitk  Asbk- 
diBic  for  launching  theoi.  wfaicb  at  a  cfiiWance  <if  fetwa  300 
to  600  metres  were  bound  to  sak,  with  the  pnscot  secret 
procciwei.  the  largeac  of  tnanclatfa.  Ia  the  second  aectioa 
wve  the  decthe  aeeanadaXion  whidi  gairc  tiie  %ht  and 
power  Tc  Che  thir-i,  r.ear  the  scr^w,  W3s  the  electric 
motor  which  transformed  into  movement  the  current  of  the 
accumulators.  Under  all  this,  beneath  the  floor,  from  end 
to  end,  were  immense  water  ballasts,  which  were  capable  of 
beini;  emptied  or  filled  in  a  few  seconds  by  electric  machines, 
in  order  to  carry  the  vessel  up  or  down.  Fiaally,  in  the 
centre  of  the  tube,  dominating  these  three  sections,  which 
the  electric  light  inundated,  and  which  no  partition  divided, 
the  navigating  lieutenant  stood  on  the  lookout  giving  his 
orders. 

There  was  but  one  thing  which  could  destroy  in  a  second 
all  the  sources  of  authority,  initiative,  and  responsibility  in 
this  officer.  That  was  the  failure  of  the  accmnulators. 
Were  the  electricity  to  fail  everything  would  come  to  a  stop. 
Darkness  would  overtake  the  boat  and  imprison  it  for  ever 
in  the  water.    To  avoid  any  such  disaster  there  have  been 
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arranged,  it  is  true,  outside  the  tube  and  low  down,  a  series 
of  lead  blades  which  were  capable  of  being  removed  from 
within  to  lighten  the  vessel.  But  admitting  that  the 
plunger  would  return  to  the  stirface,  the  boat  would  float 
hither  and  thither,  and  at  all  events  lose  all  its  properties  as 
a  submarine  vessel.  To  avoid  any  such  disaster  a  com- 
bination of  motors  have  been  in  course  of  construction 

w 

for  some  months,  so  that  the  accumulators  might  be 
loaded  afresh  on  the  spot,  in  case  of  their  being  used  up. 

The  Morse,  after  skimming  along  the  surface  of  the  water 
until  outside  the  port,  was  now  about  to  sink.  The  com- 
mandant's place  was  no  longer  in  the  helmet  or  kiosque 
whence  he  could  direct  the  route  along  the  surface  of  the  sea. 
His  place  was  henceforth  in  the  very  centre  of  the  tube,  in 
the  midst  of  all  sort  of  electric  manipulators,  his  eyes  con- 
tinually fixed  on  a  mysterious  optical  apparatus,  the  peri- 
scope. The  other  extremity  of  this  instnmient  floated  on 
the  surface  of  the  water,  and  whatever  the  depth  of  the 
plunge  it  gave  him  a  perfectly  faithful  and  clear  representa- 
tion, as  in  a  camera,  of  everything  occurring  on  the  water. 

The  most  interesting  moment  of  all  now  came.  I  has- 
tened to  the  little  opening  to  get  the  impression  of  total 
immersion.  The  lieutenant  by  the  marine  chart  verified 
the  depths.  The  casks  of  water  were  filled  and  our  supply 
of  air  was  thereby  renewed  from  their  stores  of  surplus  air. 
In  our  tiny  observatory,  where  General  Andr6  stationed 
himself  above  me,  a  most  tmexpected  spectacle  presented 
itself  as  the  boat  was  immersed. 

The  plimge  was  so  gentle  that  in  the  perfect  silence  of  the 
waters  one  did  not  perceive  the  process  of  descent,  and  there 
was  only  an  instnmient  capable  of  indicating,  by  a  needle, 
the  depth  to  which  the  Morse  was  penetrating.  The  vessel 
was  advancing  while  at  the  same  time  it  descended,  but 
there  was  no  sensation  of  either  advance  or  roll.  As  to 
respiration,  it  was  as  perfect  as  in  any  room.  M.  de  Lanes- 
san,  who  since  entering  office  has  ordered  eight  more  sub- 
marine vessels,  had  concerned  himself  with  the  question  as 
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CHAPTER  XIII 

JOHN  P.  HOLLAND  AND  SIMON  LAKE 

The  Naval  Committee  of  the  House  of  Representa- 
tives of  the  United  States  in  the  early  part  of  1900  held 
a  meeting  for  the  purpose  of  hearing  expert  testimony 
upon  the  subject  of  submarines.  Up  to  then  the 
United  States  authorities  had  shown,  as  compared  with 
the  ruling  powers  of  other  navies,  only  a  limited  amount 
of  interest  in  the  submarine  question.  Increased  ap- 
propriations for  the  construction  of  submarine  boats 
which  were  then  beginning  to  become  more  frequent 
in  other  coimtries  acted,  however,  as  a  stimulus  at  this 
time. 

I  The  committee  meeting  took  place  a  few  days  after 
some  of  the  members  of  the  committee,  together  with  a 
number  of  United  States  navy  officers,  had  attended 
an  exhibition  of  a  new  submarine  boat,  the  Holland 
No.  g. 

The  late  Admiral  Dewey  gave  the  following  opinion 
about  this  submarine  to  the  committee,  an  opinion 
which  since  then  has  become  rather  famous : 

Gentlemen:  I  saw  the  operation  of  the  boat  down  off 
Mount  Vernon  the  other  day.  Several  members  of  this 
committee  were  there.  I  think  we  were  very  much  im- 
pressed with  its  performance.     My  aid.  Lieutenant  Cald- 
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well,  was  on  board.  The  boat  did  everjthing  that  the 
owners  proposed  to  do.  I  said  then,  and  I  have  said  it  since, 
that  if  they  had  two  of  those  things  at  Manila.  I  could  i 
never  have  held  it  with  the  squadron  I  had.  The  moral 
effect — to  my  mind,  it  is  infinitely  superior  to  mines  or  tor- 
pedoes or  anything  of  the  kind.  With  two  of  those  in  ! 
Galveston  all  the  navies  of  the  world  could  not  blockade'] 
the  place. 

Admiral  Dewey's  approval  of  the  Holland  No.  g  \ 
undoubtedly  exerted  a  considerable  influence  on  the 
Naval  Committee  and  as  a  result  of  its  recommenda- 
tions the  United  States  Government  finally  purchased 
the  boat  on  April  1 1,  1900,  for  $150,000.  This  amount 
was  about  $86,000  less  than  the  cost  of  building  to  the 
manufacturers,  the  Holland  Torpedo  Boat  Company. 
The  latter,  however,  could  well  afford  to  take  this  loss 
because  this  first  sale  resulted  a  few  months  afterwards  ' 
— on  August  25th — in  an  order  for  six  additional  sub- 
marines. The  British  Government  also  contracted  in 
the  fall  of  the  same  year  for  five  Hollands.  The  navy 
of  almost  every  power  interested  in  submarines  soon 
followed  the  lead  of  the  British  Admiralty.  Submarines 
of  the  Holland  type  were  either  ordered  outright,  or 
else  arrangements  were  concluded  permitting  the  use  of 
the  basic  patents  held  by  the  Holland  Company.  It 
will  be  noted  that  the  United  States  Government  hav- 
ing discovered  that  it  had  a  good  thing  benevolently 
shared  it  with  the  governments  that  might  be  expected 
to  use  it  against  us. 

The  Holland  No.  p,  as  her  very  name  indicates,  was 
one  of  a  long  line  of  similar  boats.  As  compared  with 
other  experimental  submarine  boats  she  was  small. 
She  was  only  fifty-three  feet  ten  inches  long,  and  ten 
feet  seven  inches  deep.     Although  these  proportions 
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made  her  look  rather  thickset,  they  were  the  result  of 
experimental  work  done  by  the  builder  during  a  period 
of  twenty-five  years.  She  was  equipped  both  with  a 
gasoline  engine  of  fifty  horse-power  and  an  electric 
motor  run  by  storage  batteries.  The  latter  was  in- 
tended for  use  when  the  boat  was  submerged,  the 
former  when  she  was  travelling  on  the  surface  of  the 
water.  She  was  capable  of  a  maximum  speed  of  seven 
knots  an  hour.  Her  cruising  radius  was  150a  miles  and 
the  combination  of  oil  and  electric  motors  proved  so 
successful  that  from  that  time  on  every  submarine  built 
anywhere  adopted  this  principle.  Two  horizontal 
rudders  placed  at  the  stem  of  the  boat  steered  her 
downward  whenever  she  wanted  to  dive  and  so  accom- 
phshed  a  diver  was  this  boat  that  a  depth  of  twenty- 
eight  feet  could  be  reached  by  her  in  five  seconds. 
Her  conning  tower  was  the  only  means  of  making  obser- 
vations. No  periscopes  had  been  provided  because 
none  of  the  instruments  available  at  that  time  gave 
satisfaction.  This  meant  that  whenever  she  wished  to 
aim  at  her  target  it  was  necessary  for  her  to  make  a 
quick  ascent  to  the  surface.  Her  stability  was  one  of 
her  most  satisfactory  features.  So  carefully  had  her 
proportions  been  worked  out  that  there  was  practically 
no  pitching  or  rolling  when  the  boat  was  submerged. 
Even  the  concussion  caused  by  the  discharge  of  a  tor- 
pedo was  hardly  noticeable  because  arrangements  had 
been  made  to  take  up  the  recoil  caused  by  the  firing 
and  to  maintain  the  balance  of  the  boat  by  permitting  a 
quantity  of  water  equal  to  the  weight  of  the  discharged 
torpedo  to  enter  special  compartments  at  the  very 
moment  of  the  discharge. 

The  Holland  No.  p  was  built  at  Lewis  Nixon's  ship- 
yards at  Elizabethport,  New  Jersey,  and  was  launched 
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early  io  1898,  josc  pr^Bimis  '.o  the  <Jotbceak  ^yt  the 
Stnntsfa-AmBncan  War.  .\l£boagjh.  Tmmatma  requests 
Mere  made  10  ihe  Ujni:ed  States  Gavemmeot  by-  her 
iBWntor  diid  builder.  Jotm.  P.  Hoilnsd.  tor  penmssioir 
to  take  tier  into  Santiago  (larbour  is  an  attetnpc  to  tcip- 
pedo  Camera's  fleet,  tbc  navy  amhornaes  at  Wasbicgton 
refased  tfata  penniasion.  Whyf  Presumably  rhmwg^i 
na(vyhosti£ty:tD  the  ^nifaxoanne  idea.  WheatbeMont' 
tmr  .shipped,  the  Jiemanw  in  18601  the  fomier  -Jiip 
belonged  to  her  inventor,  oat  to  the  tlmted  ^sisies 
Gtjventtoatl,  It  wmtldhavebeeQiiixeicsctiishailHJcd- 
land  at  his  nwn  expesise  >iestroy«i  tbe  Spanish  sfaiiis. 

John  P.  Holland  xt  the  time  when  he  Acinxmxi  his 
soGcesa  ^»bs  tii ty-et^  ^-ears  -jid.  Irish  by  huth  and  an 
early  iminigant  to  :he.  United  States.  He  had  been 
fieeply  intarcstRl  for  many  years  in  mecfaankai  prob- 
lems and  especjaily  in  ^hoae  amneered  nitit  osvigaxian. 
The  chaagct&om  the  atd  ^irooden  batttahips  ni  die  nsw 
tituiclads  and  the  rapidly  incnsang'  developiEusit  oc 
ttKwn-^nijinRs  nc:«l  as  .x  ^^tmn^  -itimiilns  I'd  :he  ynnng^ 
Irislinian'i  experiments.  It  is  claimed  that  his  in- 
terost  in  submarine  navigation  was  >iue  primarily  to 
his  lipRirff  til  rind  a  weapon  strong  dnomjh  to  destroy 
or  m  least  dominate  "he  British  na\'y:  for  at  that  time 
HAlIanrl  was  ^trnnijly  anti-British,  because  he.  like  many 
othT  Murai.t^d  Irishmen  of  that  period,  desired  before 
evor^'Miintj  else  *.o  free  Ireiand-  His  plana  far  doing 
thi';  hy  .-;iipplyint'  t,.:i  "he  proposed  Iriiih  Republic  a 
mrans  for  ovftr^^rmiing  the  British  navy  found  little 
support  and  a  great  deal  of  ridicule  on  the  part  of  his 
fri^h  friends,  fn  spite  of  this  he  kept  on  with  his  work 
and  in  1*^75  he  built  and  latmched  his  drst  submarine 
h',1'-  qt  P3t*=rvin.  This  boat  was  far  from  being  very 
rovohitinnary.     She  was  only  sixteen  feet  long  and  two 
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feet  in  diameter,  shaped  like  a  cigar  but  with  both  ends 
sharply  pointed.  In  many  respects  except  in  appear- 
ance she  was  similar  to  Bushnell's  Turtle.  Room  for 
only  one  operator  was  provided  and  the  latter  was  to 
turn  the  propeller  by  means  of  pedals  to  be  worked  by 
his  feet.  She  accomplished  little  beyond  giving  an 
opportunity  to  her  inventor  and  builder  to  gather  ex- 
perience in  actual  tmder-water  navigation. 

Two  years  later  in  1877  the  Holland  No.  2  was  built. 
In  spite  of  the  ntunber  of  improvements  represented  by 
her  she  was  not  particularly  successful.  Her  double 
hull,  it  is  true,  provided  space  for  carrying  water  ballast. 
But  the  leaks  from  this  ballast  tank  continuously 
threatened  to  drown  the  navigator  sitting  inside  of  the 
second  hull.  A  small  oil  engine  of  four  horse-power  was 
soon  discarded  on  account  of  its  inefficiency. 

The  experience  gathered  by  Holland  in  building  and 
navigating  these  two  boats  strengthened  his  determina- 
tion to  build  a  thoroughly  successful  submarine  and 
increased  his  faith  in  his  ability  to  do  so.  He  opened 
negotiations  with  the  Fenian  Brotherhood.  This  was 
a  secret  society  founded  for  the  purpose  of  freeing  Ire- 
land from  British  rule  and  creating  an  Irish  Republic. 
Holland  finally  succeeded  in  persuading  his  Fenian 
friends  to  order  from  him  two  submarine  boats  and  to 
supply  him  with  the  necessary  means  to  build  them. 
Both  of  these  boats  were  built.  The  lack  of  success  of 
the  first  one  was  due  primarily  to  the  inefficiency  of  her 
engine.  The  second  boat  which  was  really  the  Holland 
No  4  was  built  in  188 1.  It  is  usually  known  as  the 
Fenian  Ram,  and  is  still  in  existence  at  New  Haven, 
Connecticut,  where  a  series  of  financial  and  political 
complications  finally  landed  her. 

These  two  boats  added  vastly  to  Holland's  knowledge 
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concerning  sabmarine  navi^tum.  A  few  others  which 
he  built,  with  his  own  means  iacreased  this  fund  of 
knowledge  and  step  by  step  he  came  nearer  to  his  goaL 
By  iHd8  his  reputation  as  a  submarine  engineer  and 
navigator  had  grown  to  such  an  extent  that  Holland 
was  asked  by  the  famous  Philadelphia  shipbailders, 
the  Cramps,  to  submit  to  them  designs  for  a  submarine 
boat  to  be  built  by  the  United  States  Government. 
Only  one  other  design  was  submitted  and  this  was  by 
the  Scandinavian ,  Nortienf eldt. 

William  C.  Whitney,  then  Secretary  of  the  United 
States  Navy,  accepted  Holland's  design.  Month  after 
month  passed  by  wasted  by  the  usual  governmental  red 
tape,  and  when  all  preliminary  arrangements  had  been 
made  and  the  contract  for  the  actual  building  of  an 
experimental  boat  was  to  be  drawn  up,  a  sudden  change 
in  the  administration  resulted  in  the  dropping  of  the 
entire  plan. 

Holland's  faith  in  the  future  suhmarine  anrf  in  his 
own  ability  was  still  imshaken,  but  this  was  not  the 
case  with  his  financial  condition.  None  of  the  boats  he 
had  built  so  far  had  brought  him  any  profits  and  on 
some  he  had  lost  everything  that  he  had  put  into  them. 
His  financial  support,  for  which  he  relied  entirely  upon 
relatives  and  friends,  was  practically  exhausted.  But 
fortunately  on  March  3,  1893,  Congress  appropriated 
a  sum  of  money  to  defray  the  expenses  of  constructing 
an  experimental  submarine.  rn\"itations  to  inventors 
were  extended-  So  precarious  was  Holland's  financial 
condition  at  that  time  that  he  found  it  necessary  to 
borrow  the  small  sum  of  money  involved  in  making 
plans  which  he  had  to  submit.  It  is  claimed  that  he 
succeeded  in  doing  this  in  a  manner  highly  typical  of  his 
thoroughness. 
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He  needed  only  about  $350.00  but  even  this  compara- 
tively small  stun  was  more  than  he  had.  However,  he 
happened  to  be  lunching  with  a  yotmg  lawyer  just  about 
this  time  and  began  to  tell  him  about  his  financial  diffi- 
culties. Holland  told  him  that  if  he  only  had  $347.19 
he  could  prepare  the  plans  and  pay  the  necessary  fees. 
And  that  done,  he  was  sure  of  being  able  to  win  the 
competition.  His  lawyer  friend,  of  coiu-se,  had  been 
approached  before  by  other  people  for  loans.  Invari- 
ably they  had  asked  him  for  some  round  stun  and  Hol- 
land's request  for  $347.19  when  he  might  just  as  well 
have  asked  for  $350.00  aroused  his  interest.  He  asked 
the  inventor  what  the  nineteen  cents  were  to  be  used 
for.  Quick  as  a  flash  he  was  told  that  they  were 
needed  to  pay  for  a  particular  type  of  ruler  necessary  to 
draw  the  required  plans.  So  impressed  was  the  lawyer 
with  Holland's  accuracy  and  honesty  in  asking  not  a 
cent  more  than  he  actually  needed  that  he  at  once 
advanced  the  money.  And  a  good  investment  it  turned 
out  to  be.  For  in  exchange  he  received  a  good-sized 
block  of  stock  in  the  Holland  Torpedo  Boat  Company 
which  in  later  years  made  him  a  multi-millionaire. 

Holland's  plans  did  win  the  competition  just  as  he 
asserted  that  they  would;  but,  of  course,  winning  a 
prize,  offered  by  a  government,  and  getting  that  govern- 
ment to  do  something  about  it,  are  two  different 
matters.  So  two  years  went  by  before  the  Holland 
Torpedo  Boat  Company  at  last  was  able  to  start  with 
the  construction  of  the  new  submarine  which  was  to  be 
called  the  Plunger. 

The  principal  feature  of  this  new  boat  was  that  it 
was  to  have  a  steam  engine  for  surface  navigation  and 
an  electric  motor  for  under-water  navigation.  This 
arrangement  was  not  so  much  a  new  invention  of  Hoi- 
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luxt's  as  aa  "'t*"**™*  ^  ideas  which  Iiad  been  pro- 
TpjgjatMJ  inf  ocben..  EipectaHy  indebted  was  Ik  in 
Iht*  respect  to  f>^"'"*"*^"  Hovgaard  at  the  Danish 
IKvy  «lio>  IB  iSBT'.  bad  pafa^Aed  aa  important  book  on 
tbesabjeGtafdatAletBOpti^ntnsi^inianDes.  Though 
IW*"™*  had  made  maay  impcovements  on  these  earlier 
lihr^r*— u  be  aooa  (bond  oat  that  even  at  that  there  was 
gpcnc  to  be  aerioos  troofale  with  the  Ptungtr'i  engines. 
TlM  boat  bad  bees  lataicbed  m  1897:  bat  instead  of 
SniduQg  it,  he  pefsnaded  tbe  gownmesit  to  permit  his 
company  to  btnld  a  new  boat,  and  to  retam  to  the 
gcrvenmient  all  the  mooey  ao  isr  expended  on  the 
PUmger. 

The  new  boot,  Haltamd  Sa.  8,  wasstarted  hmnediateiy 
aad  completed  in  rcGord  time  bat  she,  tx».  was  unsatis- 
tectory  to  tbe  investtor.  So  without  loss  of  time  he 
went  ahead  and  built  anoCber  boat,  the  Holland  No.  g^_ 
which,  as  we  have  said,  became  tbe  fim  United  Stateot' 


Two  other  men  sobmitied  plans  for  submarhw 
boats  in  the  competition  which  was  won  by  the  HoUand 
boat,  George  C.  Baker  and  Simon  Lake.  Neither  of 
these  was  accepted.  Mr.  Baker  made  no  further  efforts 
to  find  out  if  his  plans  would  result  in  a  practicable  sub- 
marine boat.  But  Simon  Lake  was  not  so  easily  dis- 
couraged. 

It  ib  vt-ry  interesting  that  the  United  States  Navy 
Department  at  that  time  demanded  that  plans  sub- 
mitted tor  this  competition  should  meet  the  following 
speciti  cat  ions : 

I.     Safety. 

J.     I'-acility  and  certainty  of  action  when  submerged. 

3.     Speed  when  rimning  on  the  surface. 
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4.  Speed  when  submerged. 

5.  Endurance,  both  submerged  and  on  the  surface. 

6.  Stability. 

7.  Visibility  of  object  to  be  attacked. 

In  spite  of  the  many  years  that  have  passed  since 
this  competition  and  in  spite  of  the  tremendous  progress 
that  has  been  made  in  submarine  construction  these  are 
still  the  essential  requirements  necessary  to  make  a 
successful  submarine  boat. 

The  designs  submitted  by  Mr.  Lake  provided  for  a 
twin-screw  vessel,  80  feet  long,  10  feet  beam,  and  115 
tons  displacement,  with  400  horse-power  steam  engines 
for  surface  propulsion  and  70  horse-power  motors  for 
submerged  work.  The  boat  was  to  have  a  double  hull, 
the  spaces  between  the  inner  and  the  outer  hulls  form- 
ing water  ballast  tanks.  There  were  to  be  four  torpedo 
tubes,  two  forward  and  two  aft. 

In  an  article  published  in  191 5  in  International  Marine 
Engineerings   Mr.  Lake  says  about  his  1893  design: 

The  new  and  novel  feature  which  attracted  the  most 
attention  and  skepticism  regarding  this  design  was  (the 
author  was  later  informed  by  a  member  of  the  board)  the 
claim  made  that  the  vessel  could  readily  navigate  over 
the  waterbed  itself,  and  that  while  navigating  on  the 
waterbed  a  door  could  be  opened  in  the  bottom  of  a  compart- 
ment and  the  water  kept  from  entering  the  vessel  by  means 
of  compressed  air,  and  that  the  crew  could,  by  donning 
diving  suits,  readily  leave  and  enter  the  vessel  while  sub- 
merged. Another  novel  feature  was  in  the  method  of  con- 
trolling the  depth  of  submergence  when  navigating  between 
the  surface  and  waterbed.  The  vessel  was  designed  to 
always  submerge  and  navigate  on  a  level  keel  rather  than 
to  be  inclined  down  or  up  by  the  back,  to  "dive"  or  "rise. " 
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B  « lead  fad  stfSier  dHa 
■  I  cane  to  tay  tins 
1  |M«uUue.  I  iaand  band  oootnil  oltfae 
If '^ends  wiUi  tbts  87^ 
tof  Oafaoli^,  ytm'will 
■  batfe  ACODStant 
Jept3l»od>^g^^g^lppd.wllilOil^^heAy^3h^airiJ'oln1ll^w■^l- 
iBg  ts&KT  tbe  tijiifopiiiif  or  hnrriCTtrf  lulAa  oontrol  scbt. 
Th--  ii-jitcdili;  rsidriterjaace  of  depth  ^tb:7ct  maniptilating 
tbe  hydroplanes  or  mddeis  was  a  perfonnaitce  not  antki- 
paled,  nor  claimed  in  my  rr-jginal  patent  on  the  above-mea- 
tiooed  combmation.  and  irbat  caused  tliese  vessels  to 
fuDctioD  in  this  manner  remained  a  mvsterr,  which  was 
unsolved  until  I  built  a  model  tank  in  1905  tn  Berlin, 
Geimanv,  and  conducted  a  series  of  experimeats  on 
models  of  snbmarioes-  I  then  learned  that  a  down  pall 
of  a  hydroplane  at  a  givea  decree  of  inclinati<Ki  varied 
according  to  its  depth  of  submergence  and  that  tbe  deeper 
the  submergence,  the  less  the  down  pull.  This  works  out 
to  give  automatic  trim  on  a  substantially  le\'el  fced,  and 
I  have  known  of  vessels  running  for  a  period  of  two  hours 
without  variation  of  depth  of  cme  foot  and  without  ooce 
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changing  the  inclination  of  either  the  hydroplanes  or  the 
horizontal  rudder. 

A  great  deal  of  skepticism  was  displayed  for  many 
years  towards  this  new  system  of  controlling  the  depth 
of  submergence.  But  in  recent  years  all  the  latest 
submarine  boats  have  been  built  on  this  plan. 

Who,  then,  was  this  mechanical  genius  who  was 
responsible  for  these  far-going  changes  in  submarine 
construction?  Simon  Lake  was  bom  at  Pleasant ville. 
New  Jersey,  September  4,  1866.  He  was  educated  at 
Clinton  Liberal  Institute,  Fort  Plain,  New  York,  and 
Franklin  Institute,  Philadelphia.  Early  in  life  he  dis- 
played a  marked  interest  in  and  genius  for  mechanical 
problems.  His  lack  of  success  in  the  1893  competition 
only  spurred  him  on  to  further  efforts.  As  long  as  the 
United  States  Government  was  unwilling  to  assist  him 
in  building  his  submarine  boat,  there  was  nothing  left  for 
him  except  to  build  it  from  his  own  means.  In  1894, 
therefore,  he  set  to  work  on  an  experimental  boat,  called 
the  Argonaut f  Jr.  According  to  Mr.  Lake's  descrip- 
tion as  published  in  International  Marine  Engineering 
in  a  series  of  articles  from  his  pen  the  Argonaut,  Jr.,  was 

provided  with  three  wheels,  two  on  either  side  forward  and 
one  aft,  the  latter  acting  as  a  steerinjj  wheel.  When  on  the 
bottom  the  wheels  were  rotated  by  hand  by  one  or  two  men 
inside  the  toat.  Her  displacement  was  about  seven  tons, 
yet  she  could  be  propelled  at  a  moderate  walking  gait  when 
on  the  bottom.  She  was  also  fitted  with  an  air  lock  and 
diver's  compartment,  so  arranged  that  by  putting  an  air 
presstu'e  on  the  diver's  compartment  equal  to  the  water 
pressure  outside,  a  bottom  door  could  be  opened  and  no 
water  would  come  into  the  vessel.  Then  by  putting  on  a 
pair  of  rubber  boots  the  operator  could  walk  around  on  the 
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SM  bnttttrn  and  pnxh  the  boat  aiaag  witfa  faim  and  pidc  np 
objects.   30ch  as  clams,  n^Mcn,  etc.  frooi  the  sea.  bottont. 

So  much  interest  was  aroosed  by  this  litiiie  woodeo- 
bost  that  Mr.  Lake  was  enabled  to  rinance  the  bniidnig: 
at  a  larger  boat,  called  the  Ar^pnaut.  It  was  desigDed. 
in  1895  and  built  in  1897  at  Baittmore- 

Concerning  the  Argonaut  Mr.  Lakesays  is  the  saaa 
article: 

The  Afgumut  af  orijiinaUy  boiit  was  30  feet  lait^  aod  9 
feet  in  diaiaBter.  ^e  vss  the  first  submarine  to  be  £tted 
wHh  on  intemaUcombusticm  eagine.  i:^he  was  propeliad 
with  a  thirty  hoTse-power  gasoline  '■petrol'i  i^ngiiie  drroTni; 
a  scrrw  pmpHler.  She  was  fitted  with  wk>  toothed  driving 
wheels  fnrward  wfaich  wvrc  rrvnlvod  by  soitahle  geacim; 
wh«n  navjf[9iUiiK  nn  the  waterbed.  or  they  could  be  disooa- 
oected  ETom  this  gearing  and  pennitted  to  revolve  freely, 
pmpaliwni  beini;  secured  by  the  screw  propeller.  .\  wfaeej  in 
the  roddor  loiabled  her  *>o  be  steered  in  any  directiaa  when 
on  the  bottAtn.  She  also  had  a  >iiviag  companzoeot  'jO 
CTiahlf  rWwf,  •n  I«av^  r,r  -^ter  -fee  "■esse!  'vhen.  sab:::er_*i?'i. 
to  operate  on  wrecks  or  to  permit  inspection  of  the  bottom  or 
to  recover  shellfish.  She  also  had  a  lookout  compartment 
in  the  extreme  bow.  with  a  powerful  searchlight  to  light  up 
a  pathway  in  front  of  her  as  she  moved  along  over  the 
waterbefl.  This  searchlight  f  later  found  01  little  value 
except  for  night  work  in  clear  water.  In  clear  water  the 
sunlight  would  permit  of  as  good  -.Ssion  without  the  use  of 
the  light  as  with  it.  while  if  the  water  was  not  clear,  no 
amount  of  light  would  permit  of  vision  through  it  for  any 
considerable  distance. 

In  January',  1 898  [says  Mr.  Lake] ,  while  the  Argonaut  was 
submerged,  telephone  conversation  was  held  from  sub- 
merged stations  with  Baltimore,  Washington,  and  New 
York. 

In  1898,  also,  the  ./I  rgonauf  made  the  trip  from  Norfolk  to 
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New  York  under  her  own  power  and  unescorted.  In  her 
orig^inal  form  she  was  a  cigar-shaped  craft  with  only  a  small 
percentage  of  reserve  buoyancy  in  her  surface  cruising  con- 
dition. We  were  caught  out  in  the  severe  November  north- 
east storm  of  1898  in  which  over  200  vessels  were  lost  and 
we  did  not  succeed  in  reaching  a  harbour  in  the  "horse- 
shoe" back  of  Sandy  Hook  until,  of  course,  in  the  morning. 
The  seas  were  so  rough  they  would  break  over  her  conning 
tower  in  such  masses  I  was  obliged  to  lash  myself  fast  to 
prevent  being  swept  overboard.  It  was  freezing  weather 
and  I  was  soaked  and  covered  with  ice  on  reaching  harbour. 

This  experience  caused  me  to  apply  to  the  Argonaut  a 
further  improvement  for  which  I  had  already  applied  for  a 
patent.  This  was,  doubled  around  the  usual  pressure  re- 
sisting body  of  a  submarine,  a  ship-shape  form  of  light 
plating  which  would  give  greater  seaworthiness,  better  sur- 
face speed,  and  make  the  vessel  more  habitable  for  surface 
navigation.  It  would,  in  other  words,  make  a  "sea-going 
submarine,"  which  the  usual  form  of  cigar-shaped  vessel 
was  not,  as  it  would  not  have  sufficient  surface  buoyancy 
to  enable  it  to  rise  with  the  seas  and  the  seas  would  sweep 
over  it  as  they  would  sweep  over  a  partly  submerged  rock. 

The  Argonaut  was,  therefore,  taken  to  Brookl)ai,  twenty 
feet  added  to  her  length,  and  a  light  watertight  buoyancy 
superstructure  of  ship-shape  form  added.  This  super- 
structure was  opened  to  the  sea  when  it  was  desired  to  sub- 
merge the  vessel,  and  water  was  permitted  to  enter  the 
space  between  the  light  plating  of  the  ship-shaped  form  and 
the  heavy  plating  of  the  pressure  resisting  hull.  This 
equalized  pressure  on  the  light  plates  and  prevented  their 
becoming  deformed  due  to  pressure.  The  superstructure 
increased  her  reserve  of  buoyancy  in  the  surface  cruising 
condition  from  about  10  per  cent,  to  over  40  per  cent,  and 
lifted  right  up  to  the  seas  like  any  ordinary  type  of  surface 
vessel,  instead  of  being  btiried  by  them  in  rough  weather. 

This  feature  of  construction  has  been  adopted  by  the 
Germans,  Italians,  Russians,  and  in  all  the  latest  t3rpes  of 
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running  up  here  to  the  store  just  as  hard  as  they  could,  and 
both  dropped  down  exhausted,  and  when  we  were  able  to 
get  anjrthing  out  of  them,  they  told  a  very  strange  story. 
That's  why  all  these  people  are  here."  This  is  the  story 
the  storekeeper  told  me:  "The  men  were  out  dredging  and 
all  at  once  they  noticed  a  buoy  with  a  red  flag  on  it,  and  that 
buoy  was  going  against  the  tide,  and  they  cotild  not  under- 
stand it.  It  came  up  alongside,  and  they  heard  a  'puff, 
puff,'  something  like  a  locomotive  puffing,  and  then  they 
smelt  sulphur.  **  (The  "puff,  puff"  was  the  exhaust  of  our 
engine  and  those  fumes  were  what  they  thought  was  sul- 
phur.) "Just  then  the  thing  rose  up  out  of  the  water,  then 
the  smokestack  appeared,  and  then  the  devil  came  right 
out  of  that  smokestack. " 

In  the  January,  1899,  issue  of  McClure*s  Magazine 
there  appeared  a  profusely  illustrated  article  entitled 
"  Voyaging  under  the  Sea. "  The  first  part  of  it,  "  The 
Submarine  Boat  Argonaut  and  her  Achievements, "  was 
written  by  Simon  Lake  himself.  In  it  he  quotes  as 
follows  from  the  log  book  of  the  Argonaut  under  date  of 
July  28,  1898. 

Submerged  at  8.20  a.  m.  in  about  thirty  feet  of  water. 
Temperature  in  living  compartment,  eighty-three  degrees 
Fahrenheit.  Compass  bearing  west-north-west,  one 
quarter  west.  Quite  a  lively  sea  running  on  the  surface, 
also  strong  current.  At  10.45  a.  m.  shut  down  engine; 
temperature,  eighty-eight  degrees  Fahrenheit. 

After  engine  was  shut  down,  we  could  hear  the  wind  blow- 
ing past  our  pipes  extending  above  the  surface ;  we  could  also 
tell  by  the  sound  when  any  steamers  were  in  the  vicinity. 
We  first  allowed  the  boat  to  settle  gradually  to  the  bottom, 
with  the  tide  running  ebb ;  after  a  time  the  tide  changed,  and 
she  would  work  slightly  sidewaj^;  we  admitted  about  four 
hundred  pounds  of  water  additional,  but  she  still  wotdd 
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3TW>  jjagfiiT  FiihrecbmL.  TEers  ihilu  od  nggs  at  i  'nrhonic 
aobl^WBt  3-43.  atchaaati  '-tie  r^ffnie  lind  been  riosed  dovst: 
for  *J»er  hours  and  no  fresli  air  had  boeo  admtttcd  normg 
tkvtiim-  CtuM  hear  The.  ^vfainle  oi  ^loati  oa  the  smfanr. 
■nd-alaa  'Jietr  pnnwUaKS  ^M4ie&  mpnnig  .;:iiiss  to  Lbe  boot. 
At  >,v>  ttei«npenttgrehiid<JmppedlO£ii;tity-ttvediegyees. 
At  3.4JS  Jound^litttcsigii  of  caitxioicacoili^sa,  vcrrjligst. 
hom.nr,  .m  -■  auidle  tvooM  bnnt  faidr  brtgpt  in  zhc  pus. 
'Hwu^t  'i^  coold  deteec  a,  iondl  t>t  gaasKnei  by  ijooipaiiug 
tiM  »Hli  air^vtueb  came  dawa  the  lapD  <  wbait  iaaitlJoivKr 
««•  tunud^  Stance  lamps  'vac  btinnng  limiag  tlie  five 
haim  '4  -.tibinen:encc.  .Tfaxlc  cau;mew«s  not  naming. 

jH  VnO  •rinEine  'VBs.  ^ii^ain  sTJirrFd.  .wd  'xna  'U  rtireiy. 
Wort  iRCodivnu{  compamncsz  and  cifKaeddoorr  casts  atiC 
thnwKh  .-ur-foekr  -ind  left  jiressore  zherez  found  ^Ik  wheeis 
had  Mirted  aboat  icn  inches  or  ooe  ioot.  as.  the  bottomindl 
flwmt'tnBbiffoi-ina^  WKisd'S"!*'™!'^  ^  2ir~iit  dis 
'snjfn:.  ,^uirt  It  rsr  'he  Ttrssare  'iown  -o  ::=o  "nandj  "o  ■  'ren 
vhfi  iloiir  in  t'ttjoiit  ".hirry  :'eet. 

The  t  rmperature  I'eil  in  the  <ii\in:;  compaxrment  to  eigiity- 
two  rietirccn  .-ifter  ■  he  t-.omprpssed  uir  -vas  let  in. 

OTokcd  "iam  fntter?;  :ind  -oiiee  :"or  ;upper.  Tlie  ;piri:s 
ni  'he  ^rew  ippeared  :o  improve  :he  ionger  w^  remained 
below:  'he  'ime  vas  ^pent  ;n  ':atchmt;  ■;::ams.  :;ra:nn^.  '^^ 
in?  'n  ■^'aitz.  niayir.:^  <:ards,  ,-ind  Tritm;j  ietterr  :o  '^ves  and 
sweethearts. 

Our  oniy  --isitors  'iurin:^  the  iay  were  a  ixjupie  ui  ijiack 
ha-ss  *hat  came  and  looked  in  at  :lie  ■roidows  wiih  a  ^jreat 
deal  of  apparent  interest. 

In  future  boats,  ;t  vill  ':yc  -.veil  :o  provide  a  smoidng  com- 
partment, as  most  it  'he  crew  iiad  their  ^moidng  apparatus 
all  ready  as  soon  as  we  came  up. 

Started  ptanps  ac  6.20,  and  arhved  at  the  stulace  at  6.30. 
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Down  altogether  ten  hoiirs  and  fifteen  minutes.     People 
on  pilot  boat  Calvert  thought  we  were  all  hands  drowned. 

The  second  part  of  this  article  was  called  ''A  Voyage 
on  the  Bottom  of  the  Sea."  It  was  written  by  Ray 
Stannard  Baker,  who  had  been  fortunate  enough  to 
receive  an  invitation  from  Mr.  Lfake  to  accompany  him 
on  one  of  the  trips  of  the  Argonaut.  Any  one  who  has 
read  Jules  Verne's  fascinating  story  Twenty  Thousand 
Leagues  under  the  Sea  must  be  struck  immediately  with 
the  similarity  between  Mr.  Baker's  experiences  and 
those  of  Captain  Nemo's  guests.  It  is  not  at  all  sur- 
prising, therefore,  to  have  Mr.  Baker  tell  us  that  dur- 
ing this  trip  Mr.  Lake  told  him : 

"When  I  was  ten  years  old,  I  read  Jules  Verne's 
Twenty  Thousand  Leagues  under  the  Sea,  and  I  have 
been  working  on  submarine  boats  ever  since. " 

Mr.  Baker's  record  of  what  he  saw  and  how  he  felt  is 
not  only  a  credit  to  his  keen  powers  of  observation,  but 
also  a  proof  of  the  fact  that,  in  many  ways,  there  was 
little  difference  between  the  Argonaut  of  1898  and  the 
most  up-to-date  submarine  of  to-day.  In  part  he 
says: 

Simon  Lake  planned  an  excursion  on  the  bottom  of  the 
sea  for  October  12,  1898.  His  strange  amphibian  craft, 
the  Argonaut,  about  which  we  had  been  hearing  so  many 
marvels,  lay  off  the  pier  at  Atlantic  Highlands.  Before  we 
were  near  enough  to  make  out  her  hulk,  we  saw  a  great  black 
letter  A,  framed  of  heavy  gas-pipe,  rising  forty  feet  above 
the  water.  A  flag  rippled  from  its  summit.  As  we  drew 
nearer,  we  discovered  that  there  really  wasn't  any  hulk  to 
make  out — only  a  small  oblong  deck  shouldering  deep  in 
the  water  and  supporting  a  slightly  higher  platform,  from 
which  rose  what  seemed  to  be  a  squatty  funnel.  A  moment 
later  we  saw  that  the  funnel  was  provided  with  a  cap  some- 
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what  resembling  a  tall  silk  hat,  the  crown  of  which  was 
represented  by  a  brass  binnacle.  This  cap  was  tilted  back, 
and  as  we  ran  alongside,  a  man  stuck  his  head  up  over  the 
rim  and  sang  out,  "Ahoy  there!" 

A  considerable  sea  was  running,  but  I  observed  that  the 
Argonaut  was  planted  as  firmly  in  the  water  as  a  stone 
pillar,  the  big  waves  splitting  over  her  without  imparting 
any  perceptible  motion. 

We  scrambled  up  on  the  little  platform,  and  peered  down 
through  the  open  conning-tower,  which  we  had  taken  for  a 
funnel,  into  the  depths  of  the  ship  below,  Wilson  had 
started  his  gasoline  engine. 

Mr.  Lake  had  taken  his  place  at  the  wheel,  and  we  were 
going  ahead  slowly,  steering  straight  across  the  bay  toward 
Sandy  Hook  and  deeper  water.  The  A  rgonaul  makes  about 
five  knots  an  hour  on  the  surface,  but  when  she  gets  deep 
down  on  the  sea  bottom,  where  she  belongs,  she  can  spin 
along  more  rapidly. 

The  Argonaut  was  slowly  sinking  under  the  water.  We  be- 
came momentarily  more  impressral  with  the  extreme  small- 
ness  of  the  craft  to  which  we  were  trusting  our  lives.  The 
little  platform  around  the  conning-tower  on  which  we  stood 
— in  reality  the  top  of  the  gasoline  tank — was  scarcely  a 
half  dozen  feet  across,  and  the  Argonaut  herself  was  only 
thirty-six  feet  long.  Her  sides  had  already  faded  out  of 
sight,  but  not  before  we  had  seen  how  solidly  they  were 
built — all  of  steel,  riveted  and  reinforced,  so  that  the  wonder 
grew  how  such  a  tremendous  weight,  when  submerged, 
could  ever  again  be  raised. 

I  think  we  made  some  inquiries  about  the  safety  of  sub- 
marine boats  in  general.  Other  water  compartments  had 
been  flooded,  and  we  had  settled  so  far  down  that  the  waves 
dashed  repeatedly  over  the  platform  on  which  we  stood — 
and  the  conning-tower  was  still  wide  open,  inviting  a  sud- 
den engulfing  rush  of  water.  "You  mustn't  confuse  the 
Argonaut  with  ordinary  submarine  boats,"  said  Mr.  Lake. 
"She  is  quite  different  and  much  safer." 
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He  explained  that  the  A  rgonaut  was  not  only  a  submarine 
boat,  but  much  besides.  She  not  only  swims  either  on  the 
surface  or  beneath  it,  but  she  adds  to  this  accomplishment 
the  extraordinary  power  of  diving  deep  and  rolling  along  the 
bottom  of  the  sea  on  wheels.  No  machine  ever  before  did 
that.  Indeed,  the  Argonaut  is  more  properly  a  "sea  motor- 
cycle" than  a  "boat."  In  its  invention  Mr.  Lake  elabo- 
rated an  idea  which  the  United  States  Patent  Office  has 
decided  to  be  absolutely  original. 

We  found  ourselves  in  a  long,  narrow  compartment, 
dimly  illuminated  by  yellowish-green  light  from  the  little 
round,  glass  windows.  The  stem  was  filled  with  Wilson's 
gasoline  engine  and  the  electric  motor,  and  in  front  of  us 
toward  the  bow  we  could  see  through  the  heavy  steel  door- 
ways of  the  diver's  compartment  into  the  lookout  room, 
where  there  was  a  single  round  eye  of  light. 

I  climbed  up  the  ladder  of  the  conning-tower  and  looked 
out  through  one  of  the  glass  ports.  My  eyes  were  just  even 
with  the  surface  of  the  water.  A  wave  came  driving  and 
foaming  cnti.-ely  over  the  top  of  the  vessel,  and  I  could  see 
the  curiously  beautiful  sheen  of  the  bright  summit  of  the 
water  above  us.  It  was  a  most  impressive  sight.  Mr. 
Lake  told  me  that  in  very  clear  water  it  was  difficult  to  tell 
just  where  the  air  left  off  and  the  water  began;  but  in  the 
muddy  bay  where  we  were  going  down  the  surface  looked 
like  a  peculiarly  clear,  greenish  pane  of  glass  moving  straight 
up  and  down,  not  forward,  as  the  waves  appear  to  move 
when  looked  at  from  above. 

Now  we  were  entirely  under  water.  The  rippling  noises 
that  the  waves  had  made  in  beating  against  the  upper 
structure  of  the  boat  had  ceased.  As  I  looked  through  the 
thick  glass  port,  the  water  was  only  three  inches  from  ray 
eyes,  and  I  could  see  thousands  of  dainty,  semi-translucent 
jellyfish  floating  about  as  lightly  as  thistledown.  They 
gathered  in  the  eddy  behind  the  conning-tower  in  great 
numbers,  bumping  up  sociably  against  one  another  and 
darting  up  and  down  with  each  gentle  movement  of  the 
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WMsr.    And  I  realizad  ttus  we  mn  nt  the  doocmi  of  the 


Jim  btotqibt  the  Kovermnent  chan.  and  "Sir.  Lake  an- 
notmoed  that  wc  were  headta;  directly  for  Saody  Hook  and 
the  open  ocean.  But  we  had  not  \-ec  raaehed  the  bociain. 
and  John  wut  bncity  openmf;  valvea  and  letting  io  mace 
water.  I  went  farward  to  the  iitde  steei  ccddy-hoLe  in  the 
extreme  piDW  of  the  boat,  and  looked  out  tbroogh  thewatcfa- 
pott.  The  water  had  zrown  denaer  and  yeilower.  and  I 
ooald  not  see  Trrach  beyond  the  dim  cnnJines  nt  the  ship's 
ipar  reachinft  out  forward.  Jim  said  that  he  had  often  sees 
fiaha»  oome  swinuninj;  up  wonderingly  to  ^aae  into  the  port. 
They  would  remain  quite  motionten  until  he  stirred  his 
hmA,  and  then  chey  vanished  tnstastly.  Mr.  Lake  has  a 
remorlnhle  photogrspb  which  he  look  of  a  -/isitmfE  firir, 
and  WTIaon  teilR  of  nurturing  a  queer  flat  crab  for  days  in 
tbfl  cfwtoe  of  one  of  the  view-holes. 

At  that  moment.  I  felt  a  faint  jolt,  and  Mr.  Lake  said 
that  we  were  on  the  bottam  of  the  sea. 

Here  we  were  running  as  oomfortahiy  along  the  bottom  oE 
Sandy  Hooh~B^aaw» would nde  in  a&oadway  car.  aod 
Wit^i  oaitft  im  miir.'i  'jitMy.  Witson,  xho  Tvas  i--f  a  nnisical 
Him,  '.vai  ivhistlin;;  Down  Went  McCinty.  and  Mr.  Lake, 
with  liii;  hands  on  tho  piirit-wheel.  put  in  an  nccasionalword 
about  hii  marvellous  invention.  On  the  wall  opposite 
there  was  a  row  of  dials  which  told  autonmticallyevery 
fact  about  our  condition  that  the  most  ner^'ous  of  men  could 
wish  to  know.  One  of  them  show?;  the  pressure  of  air  in  the 
main  compartment  of  the  boat,  another  registers  vacuum, 
and  when  both  are  at  zero,  Mr.  Lake  knows  that  the  pres- 
sure of  the  air  is  normal,  the  same  as  it  is  on  the  surface,  and 
he  tries  to  maintain  it  in  this  condition.  There  are  also  a 
cyclometer,  not  unlike  those  used  on  bicycles,  to  show  how 
far  the  h>oat  travels  on  the  wheels;  a  depth  gauge,  which 
keeps  us  accurately  informed  as  to  the  depth  of  the  boat  in 
the  water,  and  a  declension  indicator.  By  the  long  linger 
of  the  declension  dial  we  could  tell  whether  we  were  going 


John  P.  Holland  and  Simon  Lake    291 

up  hill  or  down.  Once  while  we  were  out,  there  was  a  sud- 
den, sharp  shock,  the  pointer  leaped  back,  and  then  quiv- 
ered steady  again.  Mr.  Lake  said  that  we  had  probably 
struck  a  bit  of  wreckage  or  an  embankment,  but  the  Ar- 
gonatU  was  running  so  lightly  that  she  had  leaped  up  jaunt- 
ily and  slid  over  the  obstruction. 

We  had  been  keeping  our  eyes  on  the  depth  dial,  the  most 
fascinating  and  interesting  of  any  of  the  number.  It 
showed  that  we  were  going  down,  down,  down,  literally 
down  to  the  sea  in  a  ship.  When  we  had  been  submerged 
far  more  than  an  hour,  and  there  was  thirty  feet  of  yellowish 
green  ocean  over  our  heads,  Mr.  Lake  suddenly  ordered  the 
nmchinery  stopped.  The  clacking  noises  of  the  dynamo 
ceased,  and  the  electric  lights  blinked  out,  leaving  us  at 
once  in  almost  absolute  darkness  and  silence.  Before  this, 
we  had  fotmd  it  hard  to  realize  that  we  were  on  the  bottom  of 
the  ocean;  now  it  came  upon  us  suddenly  and  not  without 
a  touch  of  awe.  This  absence  of  sotmd  and  light,  this 
unchanging  motionlessness  and  coolness,  this  absolute 
negation — that  was  the  bottom  of  the  sea.  It  lasted  only 
a  moment,  but  in  that  moment  we  realized  acutely  the 
meaning  and  joy  of  stmshine  and  moving  winds,  trees,  and 
the  world  of  men. 

A  minute  light  twinkled  out  like  a  star,  and  then  another 
and  another,  imtil  the  boat  was  bright  again,  and  we  knew 
that  among  the  other  wonders  of  this  most  astonishing  of 
inventions  there  was  storage  electricity  which  would  keep 
the  boat  illuminated  for  hours,  without  so  much  as  a  single 
turn  of  the  dynamo.  With  the  stopping  of  the  engine,  the 
air  supply  from  above  had  ceased;  but  Mr.  Lake  laid  his 
hand  on  the  steel  wall  above  us,  where  he  said  there  was 
enough  air  compressed  to  last  us  all  for  two  days,  should 
anything  happen.  The  possibility  of  "something  happen- 
ing" had  been  lurking  in  our  minds  ever  since  we  started. 
"What  if  your  engine  should  break  down,  so  that  you 
couldn't  pump  the  water  out  of  the  water  compartments?" 
I  asked.    "Here  we  have  hand-pumps,"  said  Mr.  Lake 
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promptly:  "and  if  those  failed,  a  single  touch  of  this  lever 
woold  rdease  our  iron  keel,  which  weig^  4000  pounds,  and 
upwewoold  go  like  a  rocket. " 

I  questiooed  farther,  only  to  fiod  that  every  imagin- 
able coatixi|[ene>-.  and  some  that  were  oat  at  ail  imaginable 
to  the  uninitiated,  had  been  abeotuteiT  provided  againsc 
by  the  genitn  of  the  inventor.  And  eviirytlmig  &om  the 
gaaottne  engine  to  the  baod-pamp  was  as  cocopact  ""^  in- 
genious as  the  iDecbanism  of  a  watch.  Moreover,  the  boat 
was  not  crowded;  we  had  plenty  of  room  to  move  axoond 
and  lo  sleep,  if  we  wished,  to  say  nothing  of  eating.  As  for 
eating.  John  bad  brought  out  the  kerosene  stove  and  was 
making  coffee,  while  Jim  cot  the  pumpkin  pie.  "This  isn't 
Dehnonico's, "  said  Jim.  "bat  we're  serving  a  loach  that 
Dehnoruoo's  couldn't  serve — a  submarine  lunch." 

By  this  time  the  novelty  was  wearing  oS  and  we  sat 
there,  at  the  bottooi  of  che  sea,  drinking  our  coffee  with  as 
much  onooacem  as  though  we  were  in  an  up-town  restau- 
ran  l .  For  the  first  time  since  we  started,  Mr.  ILakc  sat  down, 
and  we  had  an  opportunity  of  talking  with  him  at  leisure. 
Heisastont-sbouldered,  powerfuUy  built  man,  in  the  prime 
of  life — a  man  of  cool  commrin  ■■-"r.'^e,  r.  pmctical  man.  who 
is  also  an  inventor.  And  he  talks  frankly  and  convincingly, 
and  yet  modestly,  of  his  accomplishment. 

IFaving  finished  our  lunch,  Mr.  Lake  prepared  to  show 
us  something  about  the  practical  operations  of  the. iT-gonawt. 
It  has  been  a  sood  deal  of  a  mystery  to  us  how  workmen 
penned  up  in  a  submarine  boat  could  expect  to  recover 
gold  from  wrecks  in  the  water  outside,  or  to  place  torpedoes, 
or  to  pick  up  cables.  "We  simply  open  the  door,  and  the 
diver  steps  out  on  the  bottom  of  the  sea, "  Mr.  Lake  said, 
quite  as  if  he  was  conveying  the  most  ordinary  information . 

At  first  it  seemed  incredible,  but  Mr.  Lake  showed  us  the 
heavy,  riveted  door  in  the  bottom  of  the  diver's  compart- 
ment. Then  he  invited  us  inside  with  Wilson,  who,  besides 
being  an  engineer,  is  also  an  expert  diver.  The  massive 
steel  doors  of  the  little  room  were  ciosed  and  barred,  and 
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then  Mr.  Lroke  turned  a  cock  and  the  air  rushed  in  under 
high  pressure.  At  once  our  ears  began  to  throb,  and  it 
seemed  as  if  the  drums  would  burst  inward. 

"Keep  swallowing,"  said  Wilson,  the  diver. 

As  soon  as  we  applied  this  remedy,  the  pain  was  relieved, 
but  the  general  sensation  of  increased  air  pressure,  while 
exhilarating,  was  still  most  uncomfortable.  The  finger  on 
the  pressure  dial  kept  creeping  up  and  up,  tmtil  it  showed 
that  the  air  pressure  inside  of  the  compartment  was  nearly 
equal  to  the  water  pressure  without.  Then  Wilson  opened 
a  cock  in  the  door.  Instantly  the  water  gushed  in,  and  for 
a  single  instant  we  expected  to  be  drowned  there  like  rats  in 
a  trap.  **This  is  really  very  simple, "  Mr.  Lake  was  saying 
calmly.  "When  the  pressure  within  is  the  same  as  that 
without,  no  water  can  enter." 

With  that,  Wilson  dropped  the  iron  door,  and  there  was 
the  water  and  the  muddy  bottom  of  the  sea  within  touch  of 
a  man's  hand.  It  was  all  easy  enough  to  tmderstand,  and 
yet  it  seemed  impossible,  even  as  we  saw  it  with  our  own 
eyes.  Mr.  Lake  stooped  down,  and  picked  up  a  wooden 
rod  having  a  sharp  hook  at  the  end.  This  he  pulled  along 
the  bottom.   .    .    . 

We  were  now  rising  again  to  the  surface,  after  being 
submerged  for  more  than  three  hours.  I  climbed  into  the 
conning-tower  and  watched  for  the  first  glimpse  of  the 
sunlight.  There  was  a  sudden  fluff  of  foam,  the  ragged 
edge  of  a  wave,  and  then  I  saw,  not  more  than  a  htmdred 
feet  away,  a  smack  botmd  toward  New  York  under  full 
sail.  Her  rigging  was  full  of  men,  gazing  curiously  in  our 
direction,  no  doubt  wondering  what  strange  monster  of 
the  sea  was  coming  forth  for  a  breath  of  air. 


MoLUAKD  and  Lake  must  be  considered  the  fathers 
of  the  inodern  <;i)hmarin«-  This  daim  is  not  made  in  a 
spirit  of  patriotic  boastfulness,  though,  of  course  it  is 
trwi  that  the  latter  was  an  Ainerican  by  birth,  and  the 
former  by  choice,  and  that,  therefore,  ne,  as  a  nation, 
have  a  right  to  he  pmod  of  the  acoompLtshments  of  these 
two  fellow-citizen*  of  ours.  Without  vnsfaing  to  detract 
anything  from  the  value  of  the  work  done  by  many  men 
in  many  countries  towards  the  development  at  the  sub- 
rnsHne  after  and  contemporaneously  with  Holland  and 
I^ake,  it  still  remains  true  that  the  work  which  these  two 
did  formed  the  foundation  on  which  all  others  built. 
To-day.  no  submarine  worthy  of  the  name,  no  matter 
where  it  has  been  built  and  no  matter  where  and  how 
it  is  used,  is  without  some  features  which  are  tj-pical 
of  either  the  Holland  or  Lake  type.  In  many  instances, 
and  this  is  true  especially  of  submarines  of  the  highest 
type  and  the  j^rcatest  development,  the  most  significant 
characteristics  of  the  Holland  and  Lake  boats  have 
been  combined. 

During  the  years  that  followed  the  small  beginnings 
of  flolland  and  Lake,  va.st  and  highly  efficient  organiza- 
tions have  been  built  up  to  continue  and  elaborate  their 
work.     Death    claimed    Mr.    Holland    shortly    after 
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the  outbreak  of  the  great  war,  on  August  12,  1914. 
Mr.  Lake  in  19 17  was  still  personally  connected  with 
and  the  guiding  spirit  of  the  extensive  industrial  estab- 
lishments which  have  been  created  at  Bridgeport,  Conn., 
as  a  result  of  his  inventions.  He,  too,  siurounded  him- 
self with  a  corps  of  experts  who  in  co-operation  with 
him  have  brought  the  Lake  submarines  to  a  point  of 
perfection  which  at  the  time  of  the  Argonaut's  first  trip 
would  have  appeared  all  but  impossible. 

Roughly  speaking,  the  beginning  of  the  twentieth 
century  may  be  called  the  turning  point  in  the  history 
of  submarine  invention  and  the  beginning  of  the  modem 
submarine.  Although,  as  we  have  heard,  various 
governments,  especially  those  of  France  and  the  United 
States,  interested  themselves  in  the  submarine  question 
and  appropriated  small  simis  of  money  towards  its 
solution  previous  to  1900,  it  was  only  after  that  year 
that  governmental  interest  and  influence  were  set  to 
work  with  determination  and  purpose  on  behalf  of 
submarine  inventors.  Quite  naturally  this  resulted 
in  increased  popular  interest.  Experimental  work  on 
and  with  submarines  no  longer  had  to  rely  exclusively 
on  private  capital,  frequently  inconveniently  timid  and 
limited,  but  could  count  now  on  the  vast  financial  re- 
sources of  all  the  great  nations  of  the  worid.  This  also 
made  available  the  unlimited  intellectual  resources  of 
serious  scientists  in  every  part  of  the  universe.  Mechani- 
cal and  electrical  engineers,  naval  designers  and  con- 
structors, active  men  of  finance  and  business,  and  quiet 
thinkers  and  investigators  in  laboratories  began  to 
interest  themselves  in  the  fiuther  development  of  the 
submarine. 

The  United  States  for  a  number  of  years  after  its 
adoption  of  the  Holland  type  remained  true  to  its  first 
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rhoic^  Becwmn  1900.  •^thesx  •.he  fast  FloUand  boat 
WBubooghthy '-he  United  StatagGoveimmgtt,  and  iQii 
afl  the  Untud  Stues  sMbmanne  boats  were  oi  the 
Honafiid-  typr.  In  the  latter  yenc  honwer;  i£  wos 
dKulad  *o  give  i.he  LaJce  Ixux  a.  inai  <'iml  since  tbac 
time  3-  mnnber  ■■)<  hoau  of  ihifi  type  haa«  been  bniit. 
In  .ill  4^NmtJal  teacures  boch  the  Holland  and  Lake 
boat*  'it  Uttv  days  were  -^try  ■omilar  to  rhe  aciginal 
tNMtA  of  '.hi!);e  :«n  types.  In^  tbedetatls.  huwuivia,  Ioe- 
iHWf  p»»gfB«  WM  made.  Bach  .-lev  boat  thns  became 
fgrcstly  uippHor  to  its  pardecCBaors.  This  was  espect- 
ailly  tru«  in  regard  :o  size  .ind  ::;peed  and  tbe  improve^ 
FTIfinu  made  in  '.hese  two  rvapeczs  natnraily  resuited  in 
i>  cvviTKpondmf;  increaie  in  radius  or  activicy.  Tbe 
paannf;  'jTotk  .ibto  bimtgbs  a  wonderrtU.  re&iement  at 
all  thel«chmcaldtftaiUoftbesabmanneboat&  Practi- 
rally  '^vrey  featuie  mw  iJevdoqed  to  a  remarlaide 
lingtTtr.  Thptr  i«,  indeed,  a  jjreat  .iigereiice  latwum 
l.he  mhmariru!  bnaix  r^f  cbe  eariy  cwentiefii  oeumry 
wW*-h  had  fn  n*[y  on  their  -ronning-toma  for  gt^^n'ng, 
and  mnrR  rrrmt  hnat.,=;  -vith  r.heir  rvonderfui  periscopes 
and  '^yrct  i-omfifi.^sfrfi.  Simiiar  prni^ress  was  made  in  the 
dfvplnpmprit  r>f  'hf;  mfans  oi  propukion.  Tlie  engines 
ii.wd  tVir  4iirtVu-r.  iravf^lling  hecame  more  powerful  and 
pffifipnt,.  This  vas  rdso  true  of  :,he  electric  motors, 
hattfries,  and  af-wimulators  (^mpioyed  in  the  suh- 
mrTEcd  ^fAte.  The  problem  ''if  ventilation  likewise 
has  Vtern  workcfl  out  r,o  ^uch  an  extent  that  in  the 
most  modem  submarines  most  of  the  inconveniences 
experienced  by  the  crews  of  eariier  boats  have  been 
removed.  This  perfection  of  technical  details  which 
was  thus  gradually  approached  also  permitted  a  very 
rnnsiderahie  increase  in  the  fifihtini^  power  of  submarine 
boats.      The  number  of   torpedo  tubes  was  increased 
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and  it  became  possible  to  carry  a  larger  reserve  stock  of 
torpedoes.  Submarines  of  to-day  furthermore  carry 
gims  varying  in  calibre,  attaining  in  some  instances 
four  inches,  and  when  in  later  years  it  became  evident 
that  one  of  the  most  dangerous  enemies  of  the  submarine 
was  the  airplane,  some  of  the  boats  were  equipped 
even  with  anti-aircraft  guns. 

In  the  United  States  Navy  the  submarine  has 
never  been  popular.  Indeed  it  is  by  no  means 
certain  that  in  comparison  with  other  navies  of  the 
world  the  United  States  was  not  better  off  in  tmder- 
water  boats  in  191 1  than  she  was  three  years  later 
when  the  warcloud  broke.  The  bulk  of  our  naval 
opinion  has  always  been  for  the  dreadnoughts.  A 
change  of  political  administration  at  Washington  in 
19 1 2  gave  a  temporary  setback  to  naval  development, 
and  the  submarines,  being  still  a  matter  of  controversy, 
languished.  Few  were  built  and  of  those  few  many 
showed  such  structural  weakness  that  the  reports  of 
their  manoeuvres  were  either  suppressed,  or  issued  in 
terms  of  such  broad  generality  that  the  public  could 
by  no  possibility  suspect,  what  all  the  Navy  knew 
to  be  the  fact,  that  the  submarine  flotilla  of  the 
United  States  was  weak  to  the  point  of  impotence. 

Happily  we  had  nearly  three  years  in  which  to  observe 
the  progress  of  the  war  before  becoming  ourselves  em- 
broiled in  it.  During  this  period  our  submarine  fleet  was 
somewhat  increased,  and  upon  our  actual  entrance  upon 
the  struggle  a  feverish  race  was  begtm  to  put  us  on  an 
equality  with  other  nations  in  underwater  boats.  It  would 
have  been  too  late  had  any  emergency  arisen.  But  Ger- 
many had  no  ships  afloat  to  be  attacked  by  our  submar- 
ines had  we  possessed  them.  Her  own  warfare  upon  our 
merchant  shipping  could  not  be  met  in  kind,  for  sub- 
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marines  caimot  fight  submarines.  We  have,  therefore. 
aj>  to  the  present  time,  not  suffered  from  the  pehious  neg- 
lect with  which  we  long  treated  this  form  of  naval  weapcMi. 
Indeed  the  subtnaritie  Heet  of  the  United  States  Navy 
at  Che  begmning  of  the  war  was  so  inconsiderable  that 
foreign  writers  on  the  subject  ignored  it.  In  1900  we 
had  purchased  nine  of  the  type  of  submaiines  Lhen 
put  out  by  the  Holland  Company.  One  of  these.  ;he 
Bret  in  actual  service,  known  as  the  "Baby"  Holland 
was  kept  in  commission  ten  years  and  upon  becoming 
obsolete  was  honoured  by  being  taken  in  state  to  the 
Naval  Academy  at  Annapolis  and  there  mounted  on 
a  pedestal  for  the  adroiiatioQ  of  all  comers.  She 
was  59  feet  long  and  would  make  a  striking  exhibit 
placed  next  to  one  of  the  new  German  sobnterstble 
cruisers  n4iich  exceed  300  feet  and  have  a  displace- 
ment of  5/000  tons.  These  first  Holland  ships  which 
long  oonstituted  the  entire  underwater  force  of  the 
United  States  were  but  trivial  afiaiis  compared  with 
the  modem  vessel.  Their  displacement  was  but  122 
tons,  their  engines  for  surface  navigation  were  of  r6a 
horse-power,  gasoline,  and  for  under-water  navigation 
70  horse-power,  electric.  They  carried  but  one  torpedo 
tube  and  two  extra  torpedoes  and  had  a  radius  of  action 
of  but  300  miles.  At  that  time  in  fact  the  naval  theory 
was  that  submarines  were  coast  defence  vessels  al- 
together. .After  this  war  they  are  likely  to  form  part 
of  the  first  battle  line  of  every  navy.  Yet  these  pioneer 
vessels  established  their  seaworthiness  well  in  191I, 
when  four  of  them  accompanied  by  a  parent  ship  to 
supply  them  with  fresh  stocks  of  fuel  and  to  render 
assistance  in  case  of  need,  crossed  the  Pacific  Ocean 
under  their  own  power  to  the  Philippines.  This  exploit 
tended  to  popularize  these  craft  in  the  Navy  Depart- 
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ment,  and  soon  after  larger  vessels  known  as  the  "Viper" 
class  were  ordered.  One  of  these  was  called  the  Octopus, 
the  first  submarine  to  be  fitted  with  twin  screws.  In 
many  ways  she  represented  a  distinct  advance  in  the 
art  of  submarine  construction.  She  was  in  fact  the  first 
vessel  built  with  the  distinct  idea  of  being  a  cruising, 
as  well  as  a  harbour  defence  ship.  Her  type  proved 
successful  in  this  respect.  The  Octopus  further  estab- 
lished a  record  for  deep  sea  submergence  in  1907  when 
she  descended  to  a  depth  of  205  feet  oflf  Boston,  return- 
ing to  the  surface  in  entire  safety. 

The  ability  to  withstand  the  presstu-e  of  the  water  at 
great  depths  is  a  vital  quality  of  a  successful  submarine. 
One  American  submarine  narrowly  escaped  destruction 
because  of  structural  weakness  in  this  respect.  She 
had  by  accident  descended  a  few  feet  below  the  normal 
depth  at  which  such  boats  navigate.  The  water 
pressure  affected  the  valves  which  refused  to  work 
and  the  vessel  slowly  sank  deeper  and  deeper.  At  a 
recorded  depth  of  123  feet  the  sinking  of  the  vessel 
became  so  much  more  rapid  that  the  crew  with  frantic 
endeavours  sought  at  once  to  stop  the  leaks  and  ptunp 
out  the  water  which  had  entered.  At  that  depth 
there  was  a  pressure  of  1 53>^  pounds  upon  every  square 
inch  of  the  surface  of  the  submarine.  This  the  workers 
at  the  one  hand  ptmip  had  to  overcome.  It  was  a 
savage  and  a  desperate  struggle  but  the  men  finally 
won  and  the  vessel  regained  the  surface.  As  a  result 
of  this  experience  every  navy  prescribed  submergence 
tests  for  its  submarines  before  putting  them  into  com- 
mission. How  to  make  these  tests  was  perplexing  at 
first.  A  government  did  not  want  to  send  men  down 
in  a  steel  casket  to  see  just  how  far  they  could  go  before 
it  collapsed.     But  if  no  observer  accompanied  the  ship 
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it  would  be  impossible  to  tell  at  what  depth  leakage 
and  other  signs  of  weakness  became  apparent.  An 
Italian  naval  architect,  Major  Laurenti,  whose  sub- 
marines are  now  found  in  every  navy  of  the  world, 
invented  a  dock  in  which  these  tests  can  be  made  up  to 
any  desired  pressure  while  the  observers  inside  the 
submarine  are  in  communication  with  those  without 
and  the  pressure  can  be  instantly  removed  if  signs 
of  danger  appear.  In  the  United  States  Navy  boats 
to  be  accepted  must  stand  a  pressure  equivalent  to  that 
encountered  at  200  feet.  In  the  German  navy  the 
depth  prescribed  is  170  feet.  Under  normal  conditions 
submarines  seldom  travel  at  a  depth  of  more  than  100 
feet  although  the  "  F-i  "  of  the  United  States  Navy  ac- 
complished the  remarkable  feat  of  making  a  six-hour 
cruise  in  San  Francisco  Bay  at  a  depth  of  283  feet.  At 
this  depth  the  skin  of  the  ship  has  to  withstand  a  pres- 
sure of  no  less  than  123  pounds  per  square  inch. 

Specific  information  as  to  the  nature  of  submarine  con- 
struction in  the  United  States  since  the  beginning  of  the 
warin  1914  is  jealouslyguarded  by  the  Navy  Department. 
In  broad  general  terms  the  number  of  ships  under  con- 
struction is  revealed  to  the  public,  but  all  information 
as  to  the  size  of  individual  vessels,  their  armour  or  the 
qualities  of  novelty  with  which  every  one  hopes  and  be- 
lieves American  inventive  genius  has  invested  them,  are 
kept  secret.  The  Navy  Year  Book  of  igi6  summarized 
our  submarine  strength  at  that  time  as  follows : 


Submarines  fit  for  action 42. 

"  under  construction 33.. 

"  authorized  and  appropriated 

for -30-- 

Total 105.  , 


Displacemeni 
.  15.722  Tons 
.21,093    " 


.22.590 
■  59.405 
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In  addition  thirty-seven  more  had  been  authorized  by 
Congress  without  the  appropriation  of  money  for  them. 
By  this  time  however  these  appropriations  have  been 
made  together  with  ixxcther  heavy  ones.  While  figures 
are  refused  at  the  Navy  Department,  it  is  declared  that 
while  the  United  States  in  19 14  was  the  last  of  the  great 
powers  in  respect  to  submarine  strength  provided  for, 
it  is  now  well  up  to  the  foremost,  even  to  Germany. 

Great  Britain  like  the  United  States  continued  for 
many  years  to  build  submarines  of  the  Holland  type. 
Naturally  all  the  recent  improvements  were  incorpo- 
rated in  the  British  boats.  Very  little,  however,  is 
known  concerning  the  details  of  the  more  recent  addi- 
tions to  the  British  submarine  flotilla  because  of  the 
secrecy  maintained  by  the  British  authorities  in  war 
time. 

At  the  beginning  of  the  present  war,  the  British  navy 
possessed  82  active  submarines  of  5  different  classes. 
They  were  all  of  the  Holland  type,  but  in  each  class 
there  were  incorporated  vast  improvements  over  the 
preceding  class.  Displacement,  size,  motive  power, 
speed,  radius  of  action,  and  armament  were  gradually 
increased  until  the  ''E  **  class  contained  boats  possessing 
the  following  features:  Submerged  displacement,  800 
tons;  length  176  feet;  beam  22>^  feet;  heavy  oil  engines 
of  2000  H.-P.;  electric  engines  of  800  H.-P.;  surface 
speed  16  knots;  submerged  speed  10  knots;  cruising 
range  5000  miles ;  armament :  4  torpedo  tubes,  space  for 
6  torpedoes,  and  two  3-inch  quick-firing,  high-angle, 
disappearing  guns;  armoured  conning- towers  and  decks; 
wireless  equipment;  3  panoramic  periscopes. 

At  the  same  time  22  other  submarines  were  said  to 
be  in  coiu"se  of  construction.  Some  of  these  were  of  the 
"F"  dass  (Holland  type),  similar  to  the  ''E"  class 
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except  that  every  sin^e  characteristic  had  been  greatly 
mcnaseA,  in  many  instances  even  doubled.  In  addition 
to  the  "P"  class  Holland-type  boats,  there  were  also 
under  construction  a  ntimber  of  boats  of  different  types 
designated  respectively  as '"V."  "W,"  and  "S"  class. 
The  "V*  dass  were  of  the  Lake  type,  the  "W"  of  the 
French  "  Laubeuf  "  type,  and  the  "S"  dass  of  the  Italian 
"P.  I.  A.  T."  or  Lanrenti  type;  both  of  the  last 
named  were  ad^ptatioDs  cl  the  Lake  type. 

France,  which  was  for  many  years  the  prodigal  of 
the  nations  when  it  came  to  sabmarine  bmldiiig  has 
oootinoed  this  tendency.  In  a  way  this  liberal  expen- 
ditore  of  money  did  not  pay  particalaiiy  w^.  For. 
althoagh  it  resulted  in  the  creation  oi  a  comparatiTely 
large  gnbmarine  fleet,  this  fleet  contained  boats  of 
every  kind  and  description.  Quite  a.  number  of  the 
boats  were  little  more  than  experiments  and  possessed 
not  a  great  deal  of  practical  value.  The  manning 
and  efficient  handling  of  a  fleet  having  so  httle  hooio- 
geneity  naturally  was  a  difBcult  matter  and  seriously 
restricted  its  fighting  efficiency. 

At  the  outbreak  of  the  war  France  had  92  sub- 
marines in  active  service,  belonging  to  12  different 
classes.  In  addition  there  had  also  been  built  at 
various  times  5  experimental  boats  which  had  been 
named:  ArgonauU.  Amiral  Bourgeoise,  Archimede, 
Mariotte.  and  Charles  Brun.  The  majority  of  the 
boats  belonging  to  the  various  classes  were  of  the  Lau- 
beuf type,  an  adaptation  of  the  Lake  t>-pe  made  for 
the  French  navy  by  M.  Laubeuf,  a  marine  engineer. 
In  their  various  details  these  boats  vary  considerably. 
Their  displacement  ranges  from  67  tons  to  1000  tons, 
their  length  from  100  feet  to  240  feet,  their  beam  from 
12  feet  to  20  feet,  their  surface  speed  from  Z}4  knots  to 
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lyyi  knots,  their  submerged  speed  from  5  knots  to  12 
knots,  the  horse-power  of  their  heavy  oil  engines  from 
1300  to  2000  and  that  of  their  electric  motors  from  350 
to  900.  Some  of  the  boats,  however,  have  steam  engines, 
others  gasoline  motors,  and  still  others  steam  turbines. 
The  cruising  range  of  the  biggest  and  newest  boats  is 
4000  miles.  Armament  varies  with  size,  of  course,  the 
latest  boats  carrying  4  torpedo  tubes  for  eight  18-inch 
torpedoes  and  two  14-pdr.  quick-firing,  high  angle, 
disappearing  guns. 

Nine  more  submarines  were  in  course  of  construction 
at  the  outbreak  of  war,  most  of  which  were  of  the 
improved  "Gustave  Z6d6"  class.  During  the  war 
French  shipyards  were  chiefly  occupied  with  capital 
navy  ships  and  it  is  not  thought  the  submarine  strength 
has  been  much  increased. 

Of  the  great  naval  powers,  Germany  was,  strangely 
enough,  the  last  to  become  interested  in  the  building 
of  a  submarine  fleet.  This,  however,  was  not  due  to 
any  neglect  on  the  part  of  the  German  naval  authorities. 
It  is  quite  evident  from  the  few  official  records  which 
are  available  that  they  watched  and  studied  very  care- 
fully the  development  of  the  submarine  and  growth  of 
the  various  submarine  fleets.  During  the  early  years 
of,  the  twentieth  century,  however,  the  Germans  seemed 
to  think  that  most  of  the  boats  that  were  being  built 
then  had  not  yet  passed  through  the  experimental 
stage  and  they  also  apparently  decided  that  it  would 
be  just  as  well  to  wait  until  other  nations  had  spent 
their  money  and  efforts  on  these  quasi  experimental 
boats.  Not  imtil  submarines  had  been  built  in  the 
United  States,  England,  and  France  which  had  proved 
beyond  all  doubt  that  they  were  practicable  vessels 
of  definite  accomplishments,  did  the  Germans  seriously 
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concern  themselves  with  the  creation  of  a  German 
sobtnarine  fleet.  When  this  period  had  been  reached 
ttiey  n%nt  ahead  with  fuU  power,  and  with  the  usual 
Oerman  thoroaghness  they  adc^ted  the  best  points 
from  each  of  the  various  types  developed  by  that  tijne. 
The  result  of  this  attitude  was  a  submarine  boat  built 
at  firat  exclufiivcly  by  Knipp  and  known  as  the  "G«r- 
maxua,"  type.  It  was  this  type  which  formed  the  basis 
of  the  German  submarioe  which  has  became  known  so 
extensively  and  disastrously  daring  recent  years.  In 
most  respects  this  type  is  perhaps  more  similar  to  the 
Lake  type  than  to  any  other,  although  some  features 
of  the  Holland  tj'pe  have  been  incorporated  as  w^. 

At  the  beginning  of  the  war  Germany  was  credited 
with  only  thirty  submarines.  Six  more  were  then 
rapidly  approaching  completion  and  the  German  naval 
law  passed  some  time  before  provided  for  the  building 
of  seventy-two  submarines  by  the  end  of  1917.  It  is 
believed  in  fact  that  by  that  time  the  Germans  had 
not  less  than  two  hundred  UnUrseeboats. 

From  the  very  beginning  the  Germans  have  desig- 
nated their  submarines  by  the  letter  "U"  (standing 
for  Unterseebool)  followed  by  numbers.  The  first 
boat  wa'i  built  in  if>og  and  was  named  "U-r."  It  was 
a  comparatively  small  boat  of  236  tons  displacement. 
The  motive  power  on  the  surface  was  a  heavj--oil 
engine  of  250  H.-P.  Under  water  the  boat  was  driven 
by  electric  motors  of  a  little  more  than  100  H.-P. 
Submerged  the  "U-i"  was  capable  of  a  speed  of  7 
knots  only,  which  on  the  surface  of  the  water  could 
be  increased  to  10.  Her  radius  of  action  was  about  750 
miles.     Only  one  torpedo  tube  had  been  provided. 

Prom  this  boat  to  the  modem  German  submarine 
was  indeed  a  long  step  taken  in  a  comparatively  short 
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time.  Not  very  much  is  known  regarding  modem  Ger- 
man submarines,  but  the  latest  boats  completed  before 
the  war  were  vessels  of  900  tons  displacement  with  heavy- 
oil  engines  of  2000  H.-P.  and  electric  motors  of  900  H.-P., 
possessing  a  surface  and  submerged  speed  of  18  and 
10  knots  respectively  and  a  cruising  radius  of  4000 
miles.  They  had  four  torpedo  tubes  for  eight  torpedoes, 
two  14-pdr.  quick-firing  gims,  and  two  i-pdr.  high-angle 
anti-aircraft  guns.  Naturally  they  were  also  equipped 
with  all  the  latest  improvements,  such  as  wireless 
apparatus,  panoramic  periscopes,  armoured  conning- 
towers,  and  decks.  Since  the  outbreak  of  the  war  the 
Germans  have  built  even  more  powerful  submarine  boats 
whose  perfections  in  regard  to  speed,  radius  of  action 
and  armament  became  known  through  their  accomplish- 
ments.    Of  these  we  will  hear  more  in  a  later  chapter. 

At  just  what  period  of  the  war  the  Germans  woke  up 
to  the  vital  importance  to  them  of  an  enormous  sub- 
marine fleet  is  not  known.  It  may  have  been  immedi- 
ately upon  the  amazing  exploit  of  Captain  Weddigen 
in  the  North  Sea.  At  any  rate  the  war  had  not  long 
progressed  before  the  destruction  caused  by  German 
submarine  attacks  began  to  awaken  the  apprehension 
of  the  Allies  and  neutral  nations.  Retaliation  in  kind 
was  impossible.  The  Germans  had  neither  merchant 
nor  naval  ships  at  sea  to  be  sunk.  The  rapidity  with 
which  the  volume  of  the  loss  inflicted  upon  merchant 
shipping  grew  indicated  an  equally  rapid  increase  in 
the  size  of  the  German  imderwater  fleet.  Neutrals  were 
enraged  by  the  extension  by  the  Germans  of  the  areas 
of  sea  in  which  they  claimed  the  right  to  sink  neutral 
ships,  and  their  growing  disregard  for  the  restraining 
principles  of  international  law.  How  greatly  they 
developed  the  submarine  idea  was  shown  by  their 
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constructwo  io  1916  of  vasls  with  a  < 
of  2400  tO(u ;  a  IcQgCb  of  379  feet,  and  a  beam  (rf  26  fleet ;  a 
sariatx  speed  at  27  knots,  cnxisixig  radius  at  ^00  mil'**, 
moonting  4  to  8  guns  and  carr^-mg  a  crew  c<  from  40 
to  60.  But  it  was  reported  that  two  vessels  designed 
primarily  lor  surface  cruisisg,  bat  nevertheless  submers- 
ible at  will,  had  been  laid  down  of  50C»  usis.  a  length  at 
414  feet,  and  a  radius  of  i8,<ioo  to  30,000  miles.  These 
"snbmersible  cmisers"  as  they  were  called,  mounted  6 
to  8  guns.  JO  toq>Fdo  tubes,  and  carried  90  torpedoes. 
What  part  vessels  of  this  type  shall  play  in  war  is  sdll 
to  be  determined. 

Of  the  smaller  naval  powers.  Italy  comparattvely 
early  had  become  interested  in  the  building  of  sub- 
marines. Most  of  her  boats  are  of  the  Laurentj  type 
— which  is  a  very  close  adaptation  of  the  Lake  type. 
Rusoa  and  Japan,  espcdaJIy  the  latter,  built  up  faiiiy 
efficient  underwater  fleets.  The  lesser  countries.  like 
Austria,  Holland,  Sweden,  Denmark,  Norway,  and 
Spain  have  roncemed  themselves  seriously  with  the 
creation  of  submarine  fleets.  The  submarine  boats 
of  all  of  these  countries  in  most  instances  were  either 
of  the  Lake  or  Holland  type  though  frequently  they 
were  built  from  plans  of  Enghsh,  French  or  German 
adaptations  rather  than  in  accordance  with  the  original 
American  plans. 

The  exact  number  of  submarines  possessed  now  by 
the  various  navies  of  the  world  is  a  matter  of  rather 
indefinite  knowledge.  Great  secrecy  has  been  main- 
tained by  every  country  in  this  respect.  From  a 
variety  of  sources,  however,  it  has  been  possible  to 
compile  the  following  list  which  at  least  gives  an 
approximate  idea  of  the  respective  strength  of  the 
.ubmarine  fleets  at  the  beginning  of  the  war. 
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The  numbers  assigned  to  each  country  are  only  approxi- 
mate, however,  and  include  both  boats  then  in  existence 
or  ordered  built :  United  States  57 ;  Great  Britain  104 ; 
France  92;  Germany  36;  Italy  28;  Russia  40;  Japan  15; 
Austria  12;  Holland  13;  Denmark  15;  Sweden  13; 
Norway  4 ;  Greece  2 ;  Turkey  2 ;  Brazil  3 ;  Peru  2. 

Having  traced  the  development  of  the  submarine 
from  its  earliest  beginnings  to  recent  times  we  are 
naturally  now  confronted  with  the  question  "What  are 
the  principal  requirements  and  characteristics  of  the 
modem  submarine  ?  * ' 

The  submarine  boat  of  to-day,  in  order  to  do  its 
work  promptly  and  efficiently,  must  first  of  all  possess 
seaworthiness.  This  means  that  no  matter  whether 
the  sea  is  quiet  or  rough  the  submarine  must  be  able 
to  execute  its  operations  with  a  fair  degree  of  accuracy 
and  promptness  and  must  also  be  capable  of  making 
continuous  headway.  Surface  and  underwater  naviga- 
tion must  be  possible  with  equal  facility  and  it  is 
necessary  that  a  state  of  submergence  can  be  reached 
without  loss  of  time  and  without  any  degree  of  danger 
to  the  boat's  safety.  At  all  times,  travelling  above 
water  or  below,  the  submarine  must  possess  mechanical 
means  which  will  make  it  possible  to  control  its  evolu- 
tions under  all  conditions.  Furthermore,  the  ability  of 
the  submarine  to  find  and  to  observe  objects  in  its 
vicinity  must  not  be  greatly  reduced  when  it  is  in  a 
submerged  position.  In  the  latter  it  also  becomes  of 
extreme  importance  that  the  provisions  for  ventilation 
are  such  that  the  crew  of  the  submarine  should  lose  as 
little  as  possible  in  its  efficiency  and  comfort.  A  fair 
amount  of  speed  both  on  and  below  the  surface  of  the 
water  is  essential  and  the  maintenance  of  the  speed 
for  a  fairly  long  period  of  time  must  be  assured. , 
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In  reitanl  to  their  general  outward  appearance. 
sahmarines  of  variotts  types  to-day  vary  annparativ^y 
little.  In  many  respects  they  reiieinble  dosefy  in. 
shape,  tarpetio  boats — the  earlier  submannes  particu- 
larly. Id  size,  of  course,  they  diSer  in  accordance  widt 
the  purposes  for  which  they  have  been  designed.  As 
oontpsred  with  earlier  submaiines  the  most  nocatde 
differenoe  i»  that  modem  .submarines  possess  moie  c£  a. 
soper-stnieture.  .Vlmost  all  of  them  are  biiiit  now 
with  double  hulliL  The  space  between  the  outer  and 
the  inner  hull  is  tiUUzert  primarily  for  ballast  tanks  by 
means  of  which  submergence  is  accomplished  and 
stability  maintained  and  regnlated.  Some  ot  these 
tanks,  however,  are  not  used  to  carry  ivater  ballast,  but 
serve  an  reservoirs  for  the  fuel  needed  by  the  enginea. 
The  st^>ility  of  the  submarine  and  the  facility  with 
which  it  nan  submer^  also  depend  greatly  on  the 
distribution  of  weight  of  its  various  parts.  This  prob- 
lem ha«  been  worked  out  in  such  a  way  that  to^d^ 
there  i?  little  room  for  imprtjvement.  Tts  details. 
howfvcr,  ftre  of  too  technical  a  nature  to  permit  dis- 
cussion in  this  place. 

Hyrlroplanes  both  fore  and  aft  are  now  generally 
uspd  to  assist  in  regulating  and  controlling  stability 
in  the  stihmerged  state.  The  motive  power  of  the 
morlern  submarine  is  invariably  of  a  two-fold  t\"pe. 
For  travelling  on  the  surface  internal  combustion  engines 
arc  used.  The  gasoline  engine  of  former  years  has 
been  displaced  by  Diesel  motors  or  adaptations  of  them. 
Although  these  represent  a  wonderful  advance  over  the 
engines  used  in  the  past  there  is  still  a  great  deal  of 
room  for  improvement.  The  opinions  of  engineers  in 
this  respect  vary  greatly,  American  opinion  being 
generally  unfavourable  to  the  Diesel  type,  and  whether 
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the  final  solution  of  this  problem  will  lie  in  the  direction 
of  a  more  highly  developed  motor  of  Diesel  type,  of 
an  improved  gasoline  engine,  or  of  some  other  engine 
not  yet  developed,  only  the  future  can  tell.  Simplicity 
of  construction  and  reliability  of  operation  are  the  two 
essential  features  which  must  be  possessed  by  every 
part  of  the  power  plant  of  a  submarine.  For  under- 
water travel  electric  motors  and  storage  batteries  are 
employed  exclusively.  These  vary,  of  course,  in  detail. 
In  principle,  however,  they  are  very  much  alike. 
Although  this  combination  of  electric  and  oil  power  is 
largely  responsible  for  having  made  the  submarine 
what  it  is  to-day,  it  is  far  from  perfect.  Mechanical 
complications  of  many  kinds  and  difficulties  of  var3dng 
degrees  result  from  it.  Up  to  comparatively  recently 
these  were  considered  insurmoimtable  obstacles.  But 
engineers  all  over  the  worid  are  giving  their  most 
serious  attention  to  the  problem  of  devising  a  way  to 
remove  these  obstacles  and  continuous  progress  is 
made  by  them. 

As  an  immediate  result  of  the  development  of  motive 
power  in  the  submarine  its  speed  both  on  and  below 
the  surface  of  the  water  as  well  as  its  radius  of  action 
has  been  materially  increased.  To-day  submarines 
travel  on  the  water  with  a  speed  which  even  a  few  years 
ago  would  have  been  thought  quite  respectable  for  the 
most  powerful  battleships  or  the  swiftest  passenger  liners. 
And  even  imder  water,  submarines  attain  a  velocity 
which  is  far  superior  to  that  of  which  earlier  submarines 
were  capable  on  the  surface  of  the  water.  How  im- 
mensely extended  the  radius  of  action  of  the  submarine 
has  become  in  recent  years,  has  impressed  itself  on  the 
world  especially  in  the  last  few  years.  Both  English 
and  French  submarines  have  travelled  without  making 
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onyf^tnyw  foim  their  home  pons  ta  the  I^zdBii^Aaait 
bMc  aijzni.  .\tui  i»a(l  to.  ^lad  I'anniBd  ;is  '.ve  use  widt 
nndittoicsl-  '^mndcis  nf  alL  kindg  'he?  ^vfcoie  ^■mriiL  "Hfc 
MWl-*^  vHioi  in  iqiA  ijcnnan  ^tibnmcmes  made: 
MOOentful  rrips;  :'n7m  rtieir  home  vcets  to  rxms  in  the 
United  l^ittUiK  and  retuniod  ^^ith  ttraal  suoces.  TioB. 
nrnmt  .i.  inintnrani  radius.. ir  ricnaa  <:j  7^m  laiies.  In. 
thetase  of  t.he  Gacmii  IT-tioat -wfaidi  in  1910  appeaicA: 
at  >f«wport  far  a  few  homs.  rhea  aoadeed  and  soak. 
sonuB  iTMiiJiBiitnieB  ofi^  the  Uattsd.  States  ■•"tiT  ami: 
iMer  i^nreportedo*  having  axiiredsatayia  a.  Qamruc 
port,  it  has  never  b«en  '^^whtishfy^  whether  the  boec 
lanaiwd  its  :ntpplies  oi  food  .ind  locL  on  the  ivar  <]r 
cnrted  enoosb  tn  make  the  tnp  ui  some  7000  Trntf^ 

One  other  important  featnre  ivtthoat  whu±.  jub- 
mnnnes  -^vnoid  have  loand  it  impoffiible  to  score  ruch 
aoaamptislunenu  is  the  periaoope.  la  the  be; 
perwoopeir  were  rather  crade  appKaaces.  They  ' 
very  yreak  and  iqininB  iealcB  fieqneiitly. 
fiMTned  hv  roodensation.  made  them  nracticaily  tiaeiess. 
In  ertain  i^ositions  "he  :ma^e  ii  he  biect  picked 
■ip  ;-y  'he  ;.CTiscope  -'ecame  inverted.  Their  radius 
of  viRion  '.'as  iimited.  'i.nd  :n  -.very  'vay  they  proved 
unreliable  and  ■  msati.'jlactor^--  ?j\it.  asc  .is  almost 
•rvery  feature  ^it"  ;ubmarine  >  onstraction  was  :.;radiiaily 
developed  ;ind  most  ''very'  'ecb.nical  obstauie  'jvercome. 
"vperts  gradually  ontcntrated  "heir  '-liorts  on  the 
improvement  'il  periscopes.  .Modem  periscopes  are 
'"omplicated  optical  instruments  ':vhich  have  been  de- 
veloped to  .'].  -.'ery  liigh  point  of  (■;rnciency.  A  com- 
bination of  prisms  and  lenses  makes  it  possible  now  to 
■;ee  tnie  images  clearly,  .\ppliances  have  iieen  developed 
'o  make  rhe  rotation  of  the  periscope  iai'e.  prompt,  and 
nasy  "js  !,hat  ?,he  horizon  can  be  swept  readily  in  every 
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direction.  Magnification  can  be  established  at  will 
by  special  devices  easily  connected  or  disconnected 
with  the  regular  instrument.  The  range  of  vision  of 
the  modem  periscope  is  as  remarkable  as  its  other 
characteristics.  It  differs,  of  course,  in  proportion  to 
the  height  to  which  the  periscope  is  elevated  above 
the  surface  of  the  water.  In  clear  weather  a  submarine, 
having  elevated  its  periscope  to  a  height  of  20  feet 
can  pick  up  a  large  battleship  at  as  great  a  distance  as 
6  miles,  while  observers  on  the  latter,  even  if  equipped 
with  the  most  powerful  optical  instruments,  are  abso- 
lutely unable  to  detect  the  submarine.  This  great 
distance  is  reduced  to  about  4000  yards  if  the  periscope 
is  only  3  feet  above  the  surface  of  the  water  and  to 
about  2200  yards  if  the  elevation  of  the  periscope  is  i 
foot.  But  even  the  highly  developed  periscope  of 
to-day,  usually  called  ** panoramic  periscope,"  has  its 
limitations.  The  strain  on  the  observer's  eyes  is  very 
severe  and  can  be  borne  only  for  short  periods.  In 
dirty  weather  the  objectives  become  cloudy  and  the 
images  are  rendered  obscure  and  indefinite,  although 
this  trouble  has  been  corrected,  at  least  in  part,  by 
forcing  a  strong  blast  through  the  rim  surrounding  the 
observation  glass.  At  night,  of  course,  the  periscope 
is  practically  useless.  Formerly  a  shot  which  cut  off 
the  periscope  near  the  water's  edge  might  sink  the  boat. 
This  has  been  guarded  against  by  cutting  off  the  tube 
with  a  heavy  plate  of  transparent  glass  which  does  not 
obstruct  vision  but  shuts  off  the  entrance  of  water. 

Important  as  the  periscope  is  both  as  a  means  of 
observing  the  stirroundings  of  the  submarine  and  as  a 
guide  in  steering  it,  it  is  not  the  only  means  of  accomplish- 
ing the  latter  purpose.  To-day  every  submarine 
possesses  the  most  reliable  type  of  compass  available. 
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torpedoes  to  permit  them  to  stay  away  from  their  base 
for  several  weeks.  In  recent  years  submarines  have 
also  been  armed  with  guns.  Natiu-ally  these  have  to 
be  of  light  weight  and  small  calibre.  They  are  usually 
mounted  so  that  they  can  be  used  at  a  high  angle. 
This  is  done  in  order  to  make  it  possible  for  submarines 
to  defend  themselves  against  attacks  from  airships. 
The  mountings  of  these  gims  are  constructed  in  such  a 
way  that  the  guns  themselves  disappear  immediately 
after  discharge  and  are  not  visible  while  not  in  use. 
Though  mounted  on  deck  they  are  aimed  and  fired  from 
below.  As  part  of  the  armament  of  the  submarine 
we  must  also  consider  the  additional  protection  which 
they  receive  from  having  certain  essential  parts  pro- 
tected by  armour  plate. 

All  these  features  have  increased  the  safety  of  sub- 
marine navigation  to  a  great  extent.  In  spite  of  the 
popular  impression  that  submarine  navigation  entailed 
a  greater  number  of  danger  factors  than  navigation 
on  the  surface  of  the  water,  this  is  not  altogether  so. 
If  we  stop  to  consider  this  subject  we  can  readily  see 
why  rather  the  opposite  should  be  true.  Navigation 
under  the  surface  of  the  water  greatly  reduces  the 
possibility  of  collision  and  also  the  dangers  arising  from 
rough  weather.  For  the  results  of  the  latter  are  felt 
to  a  much  lesser  degree  below  than  on  the  surface  of 
the  water.  Many  other  factors  are  responsible  for 
the  comparatively  high  degree  of  safety  inherent  in 
submarines.  Up  to  the  outbreak  of  the  present  war 
only  about  two  hundred  and  fifty  lives  had  been  lost 
as  a  result  to  accidents  to  modem  submarines.  Con- 
sidering that  up  to  1 910  a  great  deal  of  submarine 
navigation  was  more  or  less  experimental  this  is  a 
record  which  can  bear  favourable  comparison  with 
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nmilAT  records  estab&sbed  by  oveTwater  navigatiQa  or 
by  navigation  in  the  air. 

To  the  average  man  the  ihoa^it  of  imprisaomesit  in 
a  stKl  tube  beneath  the  surface  of  the  aea,  and  being 
suddenly  depri^'cd  ni  all  means  of  bringing  it  up  to  air 
and  liRht  is  a  terrifying  and  ner^e  shattering  thing. 
It  is  probably  the  first  consideration  which  suggests 
itself  to  one  asked  to  make  a  submarine  trip.  .Always 
the  newspaper  headlines  dealing  with  a  submarine 
dfflastin'  speak  of  those  lost  as  "drowned  like  rats  in  a 
trap."  Men  will  admit  that  the  progress  of  invention 
haft  greatly  lessened  thedangcrafaccideni  to  submarines, 
but  nevenhless  sturdily  insist  that  when  the  acddent 
does  happen  the  men  inside  have  no  chance  of  escape. 

As  a  matter  of  fact  many  devices  have  been  applied 
to  the  modem  submarine  to  meet  exactly  this  con- 
tingency. Pcrfiaps  nothing  is  more  effective  than  the 
90-called  telephone  hnoy  installed  in  our  Navy  and  in 
some  of  those  of  Europe.  This  is  a  buoy  lightly  at- 
tachM  to  the  outer  wrface  of  The  boat,  containing  a 
telephone  transmitter  and  receiver  connected  by  wire 
with  a  telephone  within.  In  the  event  of  an  accident 
this  buoy  ik  released  and  rises  at  once  to  the  surface. 
A  flag  attached  attracts  the  attention  of  any  craft 
that  may  he  in  the  neighbourhood  and  makes  immediate 
communication  with  those  below  possible.  Arrange- 
ments can  then  he  made  for  raising  the  boat  or  towing 
her  to  mme  point  at  which  salvage  is  possible.  An  in- 
stance of  the  value  of  this  device  was  given  by  the  dis- 
aster to  the  German  submarine  "U-3"  which  was  sunk 
at  Kiel  in  1910.  Through  the  telephone  the  imprisoned 
crew  notified  those  at  the  other  end  that  they  had 
oxygen  enough  for  forty-eight  hours  but  that  the  work 
of  rescue  must  be  completed  in  that  time.     A  powerful 
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floating  derrick  grappled  the  sunken  submarine  and 
lifted  its  bow  above  water.  Twenty-seven  of  the  im- 
prisoned crew  crept  out  through  the  torpedo  tubes.  The 
captain  and  two  lieutenants  conceived  it  their  duty  to  stay 
with  the  ship  until  she  was  actually  saved.  In  the  course 
of  the  operations  one  of  the  ventilators  was  broken,  the 
water  rushed  in  and  all  three  were  drowned. 

In  some  of  the  Holland  ships  of  late  construction 
there  is  an  ingenious,  indeed  an  almost  incredible  device 
by  which  the  ship  takes  charge  of  herself  if  the  opera- 
tors or  crew  are  incapacitated.  It  has  happened  that 
the  shock  of  a  collision  has  so  stunned  the  men  cooped 
up  in  the  narrow  quarters  of  a  submarine  that  they  are 
for  quite  an  appreciable  time  tmable  to  attend  to  their 
duties.  Such  a  collision  would  natiu-ally  cause  the 
boat  to  leak  and  to  sink.  In  these  newer  Holland 
ships  am  automatic  device  causes  the  ship,  when  she  has 
sunk  to  a  certain  depth,  registered  of  course  by  auto- 
matic machinery,  to  start  certain  apparatus  which 
empties  the  ballast  tanks  and  starts  the  pxmips  which 
will  empty  the  interior  of  the  ship  if  it  has  becomie 
flooded.  The  result  is  that  after  a  few  minutes  of  this 
automatic  work,  whether  the  crew  has  sufficiently 
recovered  to  take  part  in  it  or  not,  the  boat  will  rise  to 
the  surface. 

This  extraordinary  invention  is  curiously  reminiscent 
of  the  fact  chronicled  in  earlier  chapters  of  this  book 
that  the  most  modem  airplanes  are  so  built  that 
should  the  aviator  become  insensible  or  incapacitated 
for  his  work,  if  he  will  but  drop  the  controls,  the  machine 
will  adjust  itself  and  make  its  own  landing  in  safety. 
Unaided  the  airplane  drops  lightly  to  earth;  tmaided 
the  submarine  rises  buoyantly  to  the  air. 

In  recent  years  there  have  been  developed  special 
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alttpi  for  the  salvage  cc  c 
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At  tbe  same  time  xhe  navies  ai  Uie  worid  ha;ve  aiao 
produced  specie  submarme  tenders  or  mother  ships. 
The  pufpoae  of  these  is  to  supply  a  baae  winch  can  keep 
an  the  move  witfa  tbe  same  degree  a£  iaaSry  windt 
the  nboBrtae  iueif  pGasesses.  TTwae  taskcs  axe 
ttjinpped  with  air  oonipwiwrin;  by  means  oi  wuiiiicbe 
air  tanlcE  of  submaniKS  can  be  icSfed.  Eketric 
0snentors  make  it  possible  to  replenish  tbe  sabmanne 
iConkge  batteries.  NCechanical  equipment  pennies  :he 
CBSCUtioa  ot  repairs  to  the  siiiiniariae's  machinery 
and  «qtiipfDent.  Extra  fii^  aibstttme  parts  far  the 
maebiaay.  spare  torpedoes  ate  csmied  by  these  tenders. 
The  mo«t  modera  of  them  aie  even  supplied  with  -iry 
dock  facilities,  powers  cxanes.  and  soSdently  strong 
armament  to  repel  attacks  fmm  boats  of  tbe  rype  most 
frequently  encoonteied  by  sobmarinea. 

There  are.  of  course,  many  other  special  appliances 
which  maloe  up  the  sum  total  of  a  modem  stibmarine's 
ontitjwnent.  Klectririty  is  used  ror  iHmninating  all 
pATi,-^  i-tf  r.hp  boat.  Heat  is  supplied  in  the  same  manner; 
t,hh  is  a  virr/  -issential  feature  because  the  temperature 
of  a  -.iibmarinR,  after  a  certain  period  of  submergence, 
b«v.mrr^  iincomfortahly  low.  Electricity-  is  also  used 
for  f'j-y,k:nt;  purposes. 

Ri/'rry  ;iihm.arine  boat  built  to-day  is  eqmpped  with 
■ff\r':U:'.s  ;ipp,iratus.  Naturally  it  is  only  of  limited  range 
varyini;  from  one  hundred  and  twenty  to  one  hundi«d 
and  friyhty  miles,  hut  even  at  that  it  is  possible  for  a 
submarine  to  ^nd  messages  to  its  base  or  some  other 
given  point  from  a  considerable  distance  by  relay.  If 
the  ■iubmarine  i.s  running  on  the  surface  of  the  water 
the  u:!ual  means  of  naval  commimication-flag  signals. 
wig-wagging  or  the  semaphore,  can  be  employed.    The 
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submarine  bell  is  another  means  for  signalling.  It  is 
really  a  wireless  telephone,  operating  through  the 
water  instead  of  the  air.  Up  to  the  present,  however, 
it  has  not  been  sufficiently  developed  to  permit  its 
use  for  any  great  distance.  It  is  so  constructed  that 
it  can  also  be  used  as  a  sotmd  detector. 

Some  submarines,  besides  being  equipped  with  tor- 
pedo tubes,  cany  other  tubes  for  laying  mines.  In 
most  instances  this  is  only  a  secondary  function  of  the 
submarine.  There  are,  however,  special  mine-laying 
submarines.  Others,  especially  of  the  Lake  type,  have 
diving  compartments  which  permit  the  employment  of 
divers  for  the  purpose  of  planting  or  taking  up  mines. 

Disappearing  anchors,  operated  by  electricity  from 
within  the  boat,  are  carried.  They  are  used  for  steady- 
ing the  boat  if  it  is  desired  to  keep  it  for  any  length  of 
time  on  the  bottom  of  the  sea  in  a  current. 

From  this  necessarily  brief  description  it  can  be  seen 
readily  that  the  modem  submarine  boat  is  a  highly 
developed,  but  very  complicated  mechanism.  Natur- 
ally it  requires  a  highly  trained,  extremely  efficient  crew. 
The  commanding  officers  must  be  men  of  strong  per- 
sonality, keen  intellect,  high  mechanical  efficiency,  and 
quick  judgment.  The  gradual  increase  in  size  has 
brought  a  corresponding  increase  in  the  nxmiber  of  a 
submarine's  crew.  A  decade  ago  from  8  to  10  officers 
and  men  were  sufficient  but  to-day  we  hear  of  submarine 
crews  that  niunber  anywhere  from  25  to  40. 

In  spite  of  the  marvellous  advances  which  have  been 
made  in  the  construction,  equipment,  and  handling  of 
the  submarine  during  the  last  ten  years,  perfection  in 
many  directions  is  still  a  long  way  off.  How  soon  it 
will  be  reached,  if  ever,  and  by  what  means,  are,  of 
course,  questions  which  only  the  future  can  answer. 
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SiTRUAunnis  have  heeg  compand  t.d  aSL  knnls  at 
Ihinfix,  from  :t  fish  to  3  'ai{ar.  Life  on  ffwrn  has  beei 
(tencribedin  terms  nf  the  tii^iest  eiation  as  ^vd!  ^ssof  ibe 
(teepest  ileprcssicin.  Their  aperattmt  and  navi^tum. 
oocnnting  \o  vme  claims,  ntquin:  a  ventahle  iTTmirrina- 
dnn  of  mechanical,  electricai.  and.  naval  genms — not 
oidy  'JO  the  part-  of  the  officcre,  hut  awn  on  that  n  liiE 
amplest  niler — whiie  ^nhen!  make  it  appear  as  i£  a 
sobmanne  was  m  least  as  •ample  to  handle  as  a  small 
moiiDr  bnat.  The  rmth  amtgiiing  all  tfacae  mattErs 
lies  y^mewhpTP  hp:twf«n  r.hese  various  extremes. 

It  ;f;  quite  \me.  "hat  cjccept  nn  '■.he  '.rery  latest  ''sub- 
mer^jefi  I'miserr.  "  huilt  bj-  nhe  Germans,  the  space  for 
the  men  iiperaiin^  a  -lubmarine  is  painfully  straitened. 
They  must  hnld  to  their  pdsitions  almost  like  a  row  of 
peas  in  a  pod.  From  this  results  the  :.^avest  strain 
upon  the  ner/es  .10  that  it  has  been  found  in  Germany 
that  alter  a  rniise  a  period  of  rest  of  equal  duration  is 
needed  to  restore  the  men  to  their  normal  condition. 
Before  assignment  to  submarine  duty,  too,  a  special 
course  of  training  is  requisite.  Submarine  crews  are 
not  created  in  a  day. 

What  the  interior  of  the  new  German  submarines 
with  a.  length  of  280  feet,  and  a  beam  of  26  feet  may 
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be,  no  man  of  the  Anglo-Saxon  race  may  know  or  tell. 
The  few  who  have  descended  into  those  mysterious 
depths  will  have  no  chance  to  tell  of  them  until  the  war 
is  over.  Nor  is  it  possible  during  wartimes  to  secure 
descriptions  even  of  our  own  underwater  boats.  But  the 
interior  of  the  typical  submarine  may  be  imagined  as  in 
size  and  shape  something  like  an  unusually  long  street 
car.  Along  the  sides,  where  seats  would  normally  be, 
are  packed  wheels,  cylinders,  motors,  pumps,  machinery 
of  all  imaginable  kinds  and  some  of  it  utteriy  unimagin- 
able to  the  lay  observer.  The  whole  interior  is  painted 
white  and  bathed  in  electric  light.  The  casual  visitor 
from  "above  seas"  is  dazed  by  the  array  of  jnachinery 
and  shrinks  as  he  walks  the  narrow  aisle  lest  he  become 
entangled  in  it. 

Running  on  the  surface  the  submarine  chamber  is 
filled  with  a  roar  and  clatter  like  a  boiler  shop  in  full 
operation.  The  Diesel  engines  are  compact  and  power- 
ful, but  the  racket  they  make  more  nearly  corresponds 
to  their  power  than  to  their  size.  On  the  surface  too  the 
boat  rolls  and  pitches  and  the  stranger  passenger,  un- 
equipped with  sea  legs  grabs  for  support  as  the  subway 
rider  reaches  for  a  strap  on  the  curves.  But  let  the 
order  come  to  submerge.  The  Diesels  are  stopped. 
The  electric  motors  take  up  the  task,  spinning  noise- 
lessly in  their  jackets.  In  a  moment  or  two  all  rolling 
ceases.  One  can  hardly  tell  whether  the  ship  is  moving 
at  all — it  might  for  all  its  motion  tells  be  resting  quietly 
on  the  bottom.  If  you  could  disabuse  your  mind  for  a 
moment  of  the  recollection  that  you  were  in  a  great  steel 
cigar  heavy  laden  with  explosives,  and  deep  under  the 
surface  of  the  sea  you  would  find  the  experience  no  more 
exciting  than  a  trip  through  the  Pennsylvania  tubes. 
But  there  is  something  uncanny  about  the  silence. 
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bCMK    Thatf  yoa  imS  mai  'Jift  -Locpedo  ciuimber-  for 
Chfc- iotbaaebBi.  ISe  the  '-ssse  'a  which  ic  is  io  'Xcea 

i-ooB^ufii-  ctanat  iu  fine  at  its  troot  tip.  The  oo^: 
oouBHuu  typB  -yt  boat  mil  have  rvo  'jr  tour  locredcK 
ISbec  ia  fhts  cbaxaber.  The  mue  niodecn:  ooes  ^Si 
how  i  ^tocanii  corpeda  irhatober  fiscem  '^ntta:  itiii  iiiii'i 
nomber  o£  tubes  ami  caxrr  icher  torpedoes  on  dael& 
which  Iiy  iia  iugemons  device  jm  be  Inimcfaed-  ixDin_ 
thetc  nataide  itailies-  by  rn'*^tiJ^'T""TT  ■*^ttan  ^liie-  '"""^ 
lir  the  tocpedo  <:hainbor  uce  twice  a&  rans^  -jpoxc 
urpedoek  ns-tfaere  nxe  raises,  made  iasc  .Uoog  tbe  ^idea.. 
IXcrr  too  the  anchor  much,  ^taiids.  with.  *iie  cable:  atr-- 
tf"titH  to  t.bc-  :tnchor  iTocside  the  boat  ^™i  an  :mto^ 
imuc  ^tnr^  which  cotx  tJie  '"nni^  ^ihoiilu  ti^  fltw*rwi^  tifr 
fODlod. 

[zamQdiatety  .lit  <^  the  torpedo  viiamber.  on  of  b^ 

a  water-iiRht  partition,   is  ;he  batten-  'twnpattment. 

It  \JiBU.  its  nainf!  Iiccauae  tit  the  fact  ihaL  beeeadl  thft- 

■    ~p?  n?adflr  raaed  nif  'he  irlecttic 


raoniy  usea  iS  ^nc  loann^  piace  tor  'be  .rew.  Lemg 
regarded  as  ^-er^'  '^paaoua  cmd  empty.  In  it  are  nothmg 
Irat  the  'jlectric  .>tove,  the  kitchen  iink.  the  various 
lockers  for  lood  and  til  the  housekeeping  apparatnsof 
the  submarine.  Mighty  i  nm  and  compact  t  hey  :iil  are. 
The  builder  'i  twentieth  r:enturj'  flats  with  his  kitchen- 
ettes rind  ilia  in-'ioor  l>eds  im^jht  learn  a  good  deal 
from  a  ;;tudy  of  the  -.raailer  ryjje  of  submarine.  Next 
aft  (-ome  the  officers'  .,taiero(jms,  rather  smaller  than 
prison  cells,  each  holdins^  a  'ounk.  a  bureau,  and  a  desk. 
Each  holds  also  a  (jood  deal  ')i  moisture,  tor  the  greatest 
discomfort  in  submarine  life  comes  from  the  fact  that 
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everjrthing  is  dripping  with  the  water  resulting  from  the 
constant  condensation  of  the  air  within. 

The  great  compartment  amidships  given  over  to 
machinery  is  a  place  to  test  the  nerves.  The  aisle  down 
the  centre  is  scarcely  two  feet  wide  and  on  each  side  are 
whirling  wheels,  engines,  and  electric  motors.  Only  the 
photographs  can  give  a  clear  idea  of  the  crowded  ap- 
pearance of  this  compartment.  It  contains  steering 
wheels,  the  gyroscopic  compass,  huge  valves,  dials  show- 
ing depth  of  submergence,  Kingston  levers,  motor  con- 
trollers, all  polished  and  shining,  each  doing  its  work 
and  each  easily  thrown  out  of  gear  by  an  ignorant  touch. 

The  author  once  spending  the  night  on  a  United 
States  man-of-war  was  shown  by  the  captain  to  his  own 
cabin,  that  officer  occupying  the  admiral's  cabin  for  the 
time.  At  the  head  of  the  bunk  were  two  small  electric 
push  buttons  absolutely  identical  in  appearance  and 
about  two  inches  apart.  **Push  this  button, "  said  the 
captain  genially,  **if  you  want  the  Jap  boy  to  bring  you 
shaving  water  or  anything  else.  But  be  siu-e  to  push 
the  right  one.  If  you  push  the  other  you  will  call  the 
entire  crew  to  quarters  at  whatever  hour  of  night  the 
bell  may  ring.** 

The  possibility  of  mistaking  the  button  rested  heavily 
on  the  writer's  nerves  all  night.  A  somewhat  similar 
feeling  comes  over  one  who  walks  the  narrow  path  down 
the  centre  of  the  machinery  compartment  of  a  sub- 
marine. He  seems  hedged  about  by  mysterious  ap- 
paratus a  touch  of  which,  or  even  an  accidental  jostle 
may  release  powerful  and  even  murderous  forces. 

While  the  submarine  is  under  way,  submerged,  the 
operator  at  every  piece  of  individual  machinery  stands 
at  its  side  ready  for  action.  Here  are  the  gtmner's 
mates  at  the  diving  rudder.     They  watch  steadily  a 
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big  ganfte  on  which  a  needle  which  shows  hoir  deep  the 
bnat  is  sintdng.  When  che  required  depth  ia  readied 
swift  tunrie  <A  t.w)  big  bnui  wheels  fet  the  bonzoDxai 
nwMffff  that  rherk:he  descent  and  keep  the  boot  en  an 
even  kesl.  Other  men  liUnd  as  the  levers  ni  the  Smg- 
it^m  va)v«t  which,  when  open,  tlood  ihe  "fnF**r  ran^nt 
with  wnMr  and  aecarc  the  L^ubcner^enoe  ai  the  boat. 
Mo^t  of  the  imdeimter  boac&  to-day  ank  rapidijr  oa  an 
ffven  level.  The  old  method  ai  fiepreging  the  imae  <£ 
th«  hnAt  an  a»  to  make  a  literal  dhre  has  beea  abaodoaed. 
pfirtly  berauwof  theioconvenieneeiccaxiaedtoiheiCBB 
within  whn  soddenly  foond  the  tloor  on  which  they  woe 
slanflhifE  tilted  at  a  sharp  angle,  and  paitiy  ^*^'^^™M»  the 
diving  po«tioo  proved  to  he  a  dangcroo*  iwe  for  the 

Xn  the  early  rb^  of  the  submarines  the  qoaiteis  for 
Che  mm  wer)«  almost  intolerable.  The  sleeping  ac- 
commodaTion^  imre  craoiped  and  there  was  no  [dvs 
for  th«  men  (4t  duty  to  lonn^  and  relax  from  die  ozsta 
of  'v>nstanl  attention  to  dnty.  Man  cannot  feeep  his 
ff/Iy  in  ;i  '-rriihin  fix^d  fy^sir.ion  <^ven  '.hough  :t  be  not 
ri'/i'l,  f'lr  m«ny  hour';.  This  is  ;hown  as  well  at  the 
}^:^'^  hftW  ^jT'-un'-k  .'it  fhc.  friirj  of  rhe  ."^ixth  inning  when 
",-(11  ^t-ft'-h"  ■.I'i  it  -.v;u>  in  '.he  old  time  underwater  boats. 
Thp  fTfw':  nrjw  h;ivr^  spaix  in  which  to  loaf  and  even  the 
■^triiin  of  |f)ni;  -;ilfnf.  watrhc';  under  water  is  relieved  by 
th*-  iisf  f.f  !;.lkint;  machines  and  musical  instruments. 
Tbf  r-fTuirnry  of  t.hf,  boat  of  course  is  only  that  of  her 
'Tf-w.  ;m'1  >infe  mori^  rare  and  more  scientific  thought 
Ur'^  l-pt^n  (iivfn  to  the  comfort  of  the  men,  to  the  purity 
of  thf  HIT  they  hrrathe,  and  even  to  their  amusements, 
thf  i^Hnct.  ujKm  the  work  done  by  the  craft  has  been 
;)pp;irrnt.  Ton  yrars  a^o  hot  meals  were  unthought  of 
on  a  submarine;  now  the  electric  cooker  provides  for 
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quite  an  elaborate  bill  of  fare.  But  ten  years  ago  the 
submarine  was  only  expected  to  cruise  for  a  few  hours 
oflf  the  harbour's  mouth  canying  a  crew  of  twenty  men 
or  less.  Now  it  stays  at  sea  sometimes  for  as  long  as 
three  months.  Its  crews  number  often  as  many  as  fifty 
and  the  day  is  in  sight  when  accommodations  will  have 
to  be  made  for  the  housing  of  at  least  eighty  men  in  such 
comparative  comfort  that  they  can  stand  a  six  months* 
voyage  without  loss  of  morale  or  decrease  in  physical 
vigour. 

It  is,  of  course,  very  rare  that  a  civilian  has  the 
chance  to  be  present  on  a  submarine  when  the  latter 
is  making  either  a  real  or  a  feigned  attack.  Fred  B. 
Pitney,  a  correspondent  of  the  New  York  Tribune,  was 
fortunate  enough  to  have  this  experience,  forttmate 
especially  because  it  was  all  a  game  arranged  for  his 
special  benefit  by  a  French  admiral.  He  writes  of  this 
interesting  experience  in  the  Tribune  of  Sunday,  May 
27,  1917,  and  at  the  same  time  gives  a  vivid  description 
of  a  French  submarine. 

It  appears  that  Mr.  Pitney  was  on  a  small  vessel  put 
at  his  disposal  by  the  French  Ministry  of  Marine  to  view 
the  defences  of  a  French  naval  base.  This  boat  was 
attacked  by  what  seemed  to  be  an  enemy  submarine, 
but  later  turned  out  to  be  a  French  one  which  was  giv- 
ing this  special  performance  for  Mr.  Pitney' s  informa- 
tion.   We  read : 

Our  oflScers  were  experts  at  watching  for  submarines,  and 
though  the  little  white  wave  made  by  the  periscope  disap- 
peared, they  caught  the  white  wake  of  the  torpedo  coming 
toward  the  port  quarter  and  sheered  off  to  escape  it.  The 
torpedo  passed  harmlessly  by  our  stem,  but  the  adventure 
was  not  ended,  for  hardly  a  minute  later  we  heard  a  shot 
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boat  was  really  nine  feet  higher  than  either  end.  We  were 
fifty-four  feet  under  water  and  diving  when  the  commander 
performed  that  little  experiment  and  we  continued  to  dive 
while  the  gauge  spun  around  and  finally  stopped  at  a  place 
which  indicated  approximately  that  our  back  was  not 
broken.  I  suppose  that  was  one  of  the  things  my  friend 
the  lieutenant  referred  to  when  he  said  life  on  a  submarine 
was  such  a  sporting  proposition. 

We  boarded  the  submarine  over  the  tail  end  and  balanced 
our  way  up  the  long  narrow  block,  like  walking  a  tight  rope, 
to  the  turret,  where  we  descended  through  a  hole  like  the 
opening  into  a  gas  main  into  a  small  round  compartment 
about  six  feet  in  diameter  exactly  in  the  midship  section, 
which  was  the  largest  compartment  in  the  ship.  Running 
each  way  from  it  the  length  of  the  vessel  were  long  corridors, 
some  two  feet  wide.  On  each  side  of  the  corridors  were  rows 
of  tiny  compartments,  which  were  the  living  and  working 
rooms  of  the  ship.  Naturally,  most  of  the  space  was  given 
up  to  the  working  rooms. 

The  officers'  quarters  consisted  of  foiu*  tiny  compartments, 
two  on  each  side  of  the  after  corridor.  The  first  two  were 
the  mess  room  and  chart  room,  and  the  second  pair  were  the 
cabins  of  the  commander— a  lieutenant — and  his  second  in 
command,  an  ensign.  Behind  them  was  an  electric  kitchen, 
and  next  came  the  engines,  first  two  sets  of  Diesel  engines. 
one  on  each  side  of  the  corridor,  each  of  four  hundred  horse- 
power. These  were  for  running  on  the  surface.  Then  came 
four  bunks  for  the  quartermasters  and  last  the  electric 
motors  for  running  under  the  surface.  The  motors  were 
run  from  storage  batteries  and  were  half  the  power  of  the 
Diesel  engines.  The  quarters  of  the  crew  were  along  the 
sides  of  the  forward  corridor.  The  floors  of  the  corridor 
were  an  unbroken  series  of  trap  doors,  covering  the  storage 
tanks  for  drinking  water,  food,  and  the  ship's  supplies.  The 
torpedo  tubes  were  forward  of  the  men's  quarters.  Ten 
torpedoes  were  carried.  The  ammunition  for  the  deck  gun 
was    stored    immediately    beneath    the    gun,    which  was 
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the  ;)eriscope.  The  'itcie  vcssci  rolled  -ery  jiightiy  on  the 
surface,  though  there  was  quite  a  bit  ot  sea  running.     I 
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watched  the  horizon  through  the  periscope  and  watched  for 
the  dive,  expecting  a  distinct  sensation,  but  the  first  thing 
I  noticed  was  that  even  the  slight  roll  had  ceased  and  I  was 
surprised  to  see  that  the  bulls*  eyes  were  completely  under 
water.  The  next  thing  there  was  no  more  horizon.  The 
periscope  also  was  covered  and  we  were  completely  beneath 
the  surface. 

"Did  it  make  you  sick?**  the  commander  asked,  when  I 
climbed  down  from  the  turret,  and  when  I  told  him  **no" 
he  was  surprised,  for  he  said  most  men  were  made  sick  by 
their  first  dive. 

The  thing  most  astonishing  to  me  about  that  experience 
was  how  a  submerged  submarine  can  thread  its  way  through 
a  mine  field.  For  though  the  water  is  luminous  and  trans- 
lucent one  can  hardly  make  out  the  black  hull  of  the  boat 
under  the  turret  and  a  mine  would  have  to  be  on  top  of  you 
before  you  could  see  it.  The  men  who  watch  for  mines 
must  have  a  sense  for  them  as  well  as  particularly  powerful 
sight. 

We  continued  to  dive  tmtil  we  were  sixty-eight  feet  below 
the  surface,  too  deep  to  strike  any  mine,  and  there  we  ran 
tranquilly  on  our  electric  engines,  while  the  commander 
navigated  the  vessel  and  the  second  in  command  opened 
champagne  in  the  two  by  four  mess  room.  After  half  an 
hour  of  underwater  work  we  came  near  enough  the  surface 
for  our  fighting  periscope  to  stick  twenty  inches  out  of 
the  water  and  searched  the  lonely  horizon  for  a  ship  to 
attack. 

It  was  not  long  before  we  sighted  a  mine  trawler,  steam- 
ing for  the  harbour,  and  speeded  up  to  overtake  her. 

"  Pikers !  *'  said  our  commander,  as  we  circled  twice  around 
the  trawler;  **they  can't  find  us.  *' 

Five  men  on  the  trawler  were  scanning  the  sea  with  glasses 
looking  for  submarines.  We  could  follow  all  their  motions, 
could  tell  when  they  thought  they  had  found  us  and  see 
their  disappointment  at  their  mistakes,  but  though  we  were 
never  more  than  five  hundred  yards  from  them,  I  did  not 
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think  they  were  pikers  because  they  did  net  find  lis.  I  had 
tried  that  hunt  for  the  tiny  wave  of  a  periKope. 

"No  use  wasting  a  torpedo  on  those  fellows,"  said  onr 
ooounandcr.  "We  will  use  the  gun  on  them.  " 

"How  far  away  can  you  use  a  torpedo?"  I  asked. 

"Two  hundred  yards  is  the  best  distance."  he  said. 
"Never  more  than  five  hundred.  A  torpedo  is  pure  guess- 
work at  more  than  five  hundred  yards. " 

We  crossed  the  bow  of  the  trawler,  drded  around  to  her 
ttarboard  quarter  and  came  to  the  surface,  &red  nine  shots 
sod  submerged  again  in  forty-five  seconds. 

The  prey  secured,  we  ran  submerged  through  the  mine 
field  and  past  the  net  barrier  to  come  to  the  siuface  weQ 
within  the  harbour  and  proceed  peacefully  to  our  mooring 
uoder  the  shelter  of  the  guns  of  the  land  forts. 

Life  and  work  on  a  German  submarine  is  known  to  as, 
of  course,  only  from  descriptions  in  German  publica- 
tions. One  of  these  appeared,  previous  to  our  entry  in 
the  war,  in  various  journals  and  was  translated  and  re- 
published by  the  New  York  Evening  Post.  It  reads 
partly  as  follows : 

"U-47  will  take  provisions  and  clear  for  sea.  Extreme 
economical  radius." 

A  first  lieutenant,  with  acting  rank  of  commander,  takes 
the  order  in  the  grey  dawn  of  a  February  day.  The  hulk 
of  an  old  corvette  with  the  Iron  Cross  of  1870  on  her  stubby 
foremast  is  his  quarters  in  port,  and  on  the  corvette's  deck 
he  is  presently  saluted  by  his  first  engineer  and  the  officer 
of  the  watch.  On  the  pier  the  crew  of  U-47  await  him.  At 
their  feet  the  narrow  grey  submarine  lies  alongside,  straining 
a  tittle  at  her  cables. 

"Well,  we've  our  orders  at  last, "  begins  the  commander, 
addressing  his  crew  of  thirty,  and  the  crew  grin.  For  this 
is  U-47's  first  experience  of  active  ser\'ice.  She  has  done 
nothing  save  trial  trips  hitherto,  and  has  just  been  over- 
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hauled  for  her  first  fighting  cruise.  Her  commander  snaps 
out  a  number  of  orders.  Provisions  are  to  be  taken  in 
"up  to  the  neck,"  fresh  water  is  to  be  put  aboard,  and 
engine-room  supplies  to  be  supplemented. 

A  mere  plank  is  the  gangway  to  the  little  vessel.  As  the 
commander,  followed  by  his  officers,  comes  aboard,  a  sailor 
hands  to  each  a  ball  of  cotton-waste,  the  sign  and  s3mibol  of  a 
submarine  officer,  which  never  leaves  his  hand.  For  the 
steel  walls  of  his  craft,  the  doors,  and  the  companion-ladder 
all  sweat  oil,  and  at  every  touch  the  hands  must  be  wiped 
dry.  The  doorways  are  narrow  round  holes.  Through  one 
of  the  holes  aft  the  commander  descends  by  a  breakneck 
iron  ladder  into  the  black  hole  lit  by  electric  glow-lamps. 
The  air  is  heavy  with  the  smell  of  oil,  and  to  the  unaccus- 
tomed 'longshoreman  it  is  almost  choking,  though  the 
hatches  are  off.  The  submarine  man  breathes  this  air  as 
if  it  were  the  purest  ozone.  Here  in  the  engine-room  aft 
men  must  live  and  strain  every  nerve  even  if  for  days  at  a 
time  every  crack  whereby  the  fresh  air  could  get  in  is  her- 
metically sealed.  On  their  tense  watchfulness  thirty  lives 
depend. 

Here,  too,  are  slung  some  hammocks,  and  in  them  one 
watch  tries,  and,  what  is  more,  succeeds  in  sleeping,  though 
the  men  moving  about  btunp  them  with  head  and  elbows  at 
every  turn,  and  the  low  and  narrow  vault  is  full  of  the  hum 
and  purr  of  machinery.  In  length  the  vault  is  about  ten 
feet,  but  if  a  man  of  normal  stature  stands  in  the  middle  and 
raises  his  arms  to  about  half  shoulder  height  his  hands  will 
touch  the  cold,  moist  steel  walls  on  either  side.  A  network 
of  wires  nms  overhead,  and  there  is  a  juggler's  outfit  of 
handles,  levers,  and  instruments.  The  commander  in- 
spects everything  minutely,  then  creeps  through  a  hole  into 
the  central  control  station,  where  the  chief  engineer  is  at 
his  post.  With  just  about  enough  assistance  to  run  a  fairly 
simple  machine  ashore  the  chief  engineer  of  a  submarine  is 
expected  to  control,  correct,  and,  if  necessary,  repair  at  sea 
an  infinitely  complex  machinery  which  must  not  break 
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Frequently  this  "meal"  is  interrupted  by  some  an- 
nouncement from  the  watch,  such  as:  ** Smoke  on  the 
horizon  oflf  the  port  bow. "    Then — so  we  are  told : 

The  commander  drops  his  plate,  shouts  a  short,  crisp  com- 
mand, and  an  electric  alarm  whirs  inside  the  egg-shell.  The 
ship  buzzes  like  a  hive.  Then  water  begins  to  gurgle  into  the 
ballast-tanks,  and  U-47  sinks  until  only  her  periscope  shows. 

**The  steamship  is  a  Dutchman,  sir,"  calls  the  watch 
officer.  The  conwnander  inspects  her  with  the  aid  of  a 
periscope.  She  has  no  wireless  and  is  bound  for  the  Con- 
tinent. So  he  can  come  up  and  is  glad,  because  moving 
under  the  water  constunes  electricity,  and  the  usefulness  of 
a  submarine  is  measured  by  her  electric  power. 

After  fifty-four  hours  of  waking  nerve  tension,  sleep 
becomes  a  necessity.  So  the  ballast-tanks  are  filled  and  the 
nutshell  sinks  to  the  sandy  bottom.  This  is  the  time  for 
sleep  aboard  a  submarine,  because  a  sleeping  man  consumes 
less  of  the  precious  oxygen  than  one  awake  and  busy.  So 
a  submarine  man  has  three  principal  lessons  to  learn — ^to 
keep  every  faculty  at  tension  when  he  is  awake,  to  keep 
stem  silence  when  he  is  ashore  (there  is  a  warning  against 
talkativeness  in  all  the  German  railway-carriages  now),  and 
to  sleep  instantly  when  he  gets  a  legitimate  opportimity. 
His  sleep  and  the  economy  of  oxygen  may  save  the  ship. 
However,  the  commander  allows  half  an  hour's  grace  for 
music.  There  is  a  gramophone,  of  course,  and  the  "ship's 
band"  performs  on  all  manner  of  instruments.  At  worst, 
a  comb  with  a  bit  of  tissue  paper  is  pressed  into  service. 

Another  American  who  suffered  an  enforced  voyage 
on  an  unterseeboot  made  public  later  some  of  his  experi- 
ences. His  captor's  craft  was  a  good  sized  one — about 
250  feet  long,  with  a  crew  of  35  men  and  mounting  two 
4K  iiich  guns.  She  could  make  18  knots  on  the  surface 
and  1 1  submerged  and  had  a  radius  of  3200  miles  of 
action.    Her  accommodations  were  not  imcomfortable. 
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at  ':^i'5  -ttfiee  -h''  ■.raflf  '•jf  "  ."^ake  *  -ii  a  proiecrue  ■yrouid  be 
di^'-'^niWffor  -ny.  ■wf^t.y-flve  to  t-hirty  seconds — not  amch 
t!w  ind^M  :'or  ^my  ^hin  *n  :^et  nut  of  :he  -Tay.  At 
100  /ards"  r^nge  ^r  icn^  'hey  do  not  riire  :o  dre  'ini'^g 
coinp^ll«vl  -o  ^s  'he  'nrpedo  :s  nearly  aiway?;  liiscfaarged 
wh^n  rh"  -iiKmaririP.  is  iyinij  ahead  of  :he  -ihiec:.  i.  e..  to  hit 
thpshir>fAmin?-iD'n;t;  it  :'oilows  that  a  ;:juii  forward  is  more 
uswfiil  ■iiJin  'inp.  sit.,  'he  ::^in  iit  heinij  of  real  service  when  a 
fflihmarind  ^fans  ;hcilin:?.  -\-iiirh  ;r.e  ■s^il  do  :or  i±oice  fmm 
aft  lh«;;hip  rather  than  from  forward  of  her.  where  she  would 
be  in  danger  of  being  run  over  and  rammed. 


CHAPTER  XVI 


SUBBiARINE  WARFARE 


At  the  moment  of  writing  these  words  the  outcome 
of  the  greatest  war  the  world  has  ever  known  is  believed 
by  many  to  hang  upon  the  success  with  which  the  Allies 
can  meet  and  defeat  the  campaign  of  the  German  sub- 
marines. The  German  people  believe  this  absolutely. 
The  Allies  and  their  sympathizers  grudgingly  admit  that 
they  are  only  too  fearful  that  it  may  be  true. 

To  such  a  marvellous  degree  of  military  eflSdency 
has  the  ingenuity  of  man  brought  these  boats  which  so 
recently  as  oiu*  Civil  War  were  still  in  the  vaguest  ex- 
perimental stage  and  scarcely  possessed  of  any  offensive 
power  whatsoever! 

Nevertheless  these  machines  had  reached  a  degree  of 
development,  and  had  demonstrated  their  dangerous 
character  so  early  in  the  war  that  it  was  amazing  that 
the  British  were  so  slow  in  comprehending  the  use  that 
might  be  made  of  them  in  cutting  off  British  commerce. 
It  is  true  that  the  first  submarine  actions  redounded  in 
their  results  entirely  to  British  credit.  In  September 
of  1914  a  British  submarine  ran  gallantly  into  Heligo- 
land Bay  and  sank  the  German  light  cruiser  Hela  at 
her  moorings.  Shortly  after  the  Germans  sought  re- 
taliation by  attacking  a  British  squadron,  but  the  effort 
miscarried.    The  British  cruiser  Btrmingham  caught  a 
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glimpse  of  her  wake  and  with  a  well-aimed  shot  de- 
stroyed her  periscope.  The  submarine  dived,  but 
shortly  afterwards  came  up  again  making  what  was 
called  a  porpoise  dive — that  is  to  say,  she  came  up 
just  long  enough  for  the  officer  in  the  conning  tower 
to  locate  the  enemy,  then  submerged  again.  Brief, 
however,  as  had  been  the  appearance  of  the  conning 
tower,  the  British  put  a  shell  into  it  and  in  a  few 
minutes  the  submarine  and  most  of  her  crew  were  at 
the  bottom  of  the  sea. 

Soon  after  followed  the  attack  upon  and  sinking  of 
the  three  cruisers  by  the  submarine  under  the  command 
of  Lieutenant  Commander  Otto  von  Weddigen,  the 
narrative  of  which  we  have  already  told.  But  while 
after  that  attacks  upon  British  armed  ships  were  many, 
successes  were  few.  There  were  no  German  ships  at 
sea  for  the  British  to  attack  in  turn,  but  some  very 
gallant  work  was  done  by  their  submarines  against  Aus- 
trian and  Turkish  warships  in  the  Mediterranean  and 
the  Dardanelles.  All  this  time  the  Germans  were  pre- 
paring for  that  warfare  upon  the  merchant  shipping  of 
all  countries  which  at  the  end  they  came  to  beheve 
would  force  the  conclusion  of  the  war.  It  seems  curi- 
ous that  during  this  early  period  the  Allies  were  able  to 
devise  no  method  of  meeting  this  form  of  attack.  When 
the  United  States  entered  the  war  more  than  three 
years  later  they  looked  to  us  for  the  instant  invention  of 
some  effective  anti-submarine  weapon.  If  they  were 
disappointed  at  our  failure  at  once  to  produce  one,  they 
should  have  remembered  at  least  that  they  too  were 
baffled  by  the  situation  although  it  was  presented  to 
them  long  before  it  became  part  of  our  problems. 

About  no  feature  of  the  war  have  the  belligerents 
thrown  more  of  mystery  than  about  the  circumstances 
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attending  submarine  attacks  upon  battleships  and 
armed  transports  and  the  method  employed  of  meeting 
them.  Even  when  later  in  the  war  the  Germans  ap- 
parently driven  to  frenzy  made  special  efforts  to  sink 
hospital  and  Red  Cross  ships  the  facts  were  concealed 
by  the  censors,  and  accounts  of  the  efforts  made  to  balk 
such  inhuman  and  unchristian  practices  diligently 
suppressed.  In  the  end  it  seemed  that  the  British,  who 
of  course  led  all  naval  activities,  had  reached  the  con- 
clusion that  only  by  the  maintenance  of  an  enormous 
fleet  of  patrol  boats  could  the  submarines  be  kept  in 
check.  This  method  they  have  applied  unremittingly. 
Alfred  Noyes  in  a  publication  authorized  by  the  British 
government  has  thus  picturesquely  told  some  of  the 
incidents  connected  with  this  service: 

It  is  difficult  to  convey  in  words  the  wide  sweep  and  subtle 
co-ordination  of  this  ocean  hunting;  for  the  beginning  of  any 
tale  may  be  known  only  to  an  admiral  in  a  London  office, 
the  middle  of  it  only  to  a  commander  at  Kirkwall,  and  the 
end  of  it  only  to  a  trawler  skipper  off  the  coast  of  Ireland. 
But  here  and  there  it  is  possible  to  piece  the  fragments  to- 
gether into  a  complete  adventiu'e,  as  in  the  following  record 
of  a  successful  chase,  where  the  glorious  facts  outrun  all  the 
imaginations  of  the  wildest  melodrama. 

There  were  suspicious  vessels  at  anchor,  one  moonless 
night,  in  a  small  bay  near  the  Mimibles.  They  lay  there 
like  shadows,  but  before  long  they  knew  that  the  night  was 
alive  for  a  htmdred  miles  with  silent  talk  about  them. 
At  dawn  His  Majesty's  trawlers  Golden  Feaiher  and  Peggy 
Nuiten  foamed  up,  but  the  shadows  had  disappeared. 

The  trawlers  were  ordered  to  search  the  coast  thoroughly 
for  any  submarine  stores  that  might  have  been  left  there. 
* 'Thoroughly'*  in  this  war  means  a  great  deal.  It  means 
that  even  the  bottom  of  the  sea  must  be  searched.  This  was 
done  by  grapnels;  but  the  bottom  was  rocky  and  seemed 
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unfit  for  a  ba«e.     Nothing  was  found  but  a  battered  old 
Iobst«r  pot,  crammed  with  scaw«ed  and  little  green  crabs. 

Probably  these-  appearaiK-es  were  more  than  usually 
deceitful;  for  shortly  aftcrwaid  watcheis  on  the  coast 
reported  a  i^ange  fishing  boat,  with  patched  brown  seilfl, 
beadinK  for  the  suspected  hay.  Before  the  patrols  came  up, 
however,  she  seemed  to  be  alarmed.  The  brown  sails  were 
suddenly  taken  in;  the  disguised  conning  tower  was  re- 
vealed, and  this  innocent  fishing  boat,  grac^ully  subma^- 
inff,  left  only  the  smilinR  and  spotless  April  seas  Co  the 
bewildered  eyes  of  the  coast  guard. 

In  the  meantime  signals  were  pulsing  and  Sashing  on  land 
and  sna,  and  the  U-boat  had  hardly  dipped  when,  over  the 
tmnnth  green  ."Well,  a  great  sea  hawk  came  whirring  up  to 
join  the  hunt,  a  hawk  with  light  yellow  wings  and  a  body 
of  service  grey — the  latest  type  of  seaplane.  It  was  one 
of  those  oily  seas  in  which  a  watcher  from  the  air  may  follow 
»  submorine  for  miles,  as  an  olive  sjeen  shadow  under  the 
lighter  green.  The  U-boat  doubled  twice;  but  h  was  half 
an  hour  before  her  sunken  shadow  was  lost  to  sight  under 
dboppy  blue  waters,  and  long  befi^e  that  time  ^le  was  , 
evidently  at  ejise  in  her  mind  and  pursuinp  a  steady  couree. 
For  the  moment  her  trail  was  then  lost,  and  the  hawk,  hav- 
ing reported  her  cour.=;e,  dropped  out  of  the  tale. 

The  next  morning  in  the  direction  indicated  by  that  re- 
port several  patrol  boats  heard  the  sound  of  gunfire  and 
overhaulcfl  a  steamer  which  had  been  attacked  by  a  sub- 
marine. They  gave  chase  by  "starring"  to  all  the  points  of 
the  compass,  hut  could  not  locate  the  enemy.  A  Httle  later, 
however,  another  trawler  observed  the  wash  of  a  submarine 
crossing  her  stern  about  two  hundred  yards  away.  The 
trawler  star-boarded, got  into  the  wake  of  the  submarine  and 
tried  to  ram  her  at  full  speed.  She  failed  to  do  this,  as  the 
U-boat  was  at  too  great  a  depth.  The  enemy  disappeared, 
and  again  the  trawlers  gathered  and  "starred." 

In  the  meantime,  certain  nets  had  been  shot,  and,  though 
the  inclosed  waters  were  very  wide,  it  was  quite  certain  that 
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the  submarine  was  contained  within  them.  Some  hottrs 
later  another  trawler  heard  firing  and  rushed  toward  the 
sound.  About  stmset  she  sighted  a  submarine  which  was 
just  dipping.  The  trawler  opened  fire  at  once  without 
result.  The  light  was  very  bad  and  it  was  very  diflScult  to 
trace  the  enemy,  but  the  trawler  continued  the  search,  and 
about  midnight  she  observed  a  small  light  close  to  the  water. 
She  steamed  within  a  few  yards  of  it  and  hailed,  thinking  it 
was  a  small  boat.  There  was  a  considerable  amount  of 
wreckage  about,  which  was  afterward  proved  to  be  the  re- 
mains of  a  patrol  vessel  sunk  by  the  submarine.  There 
was  no  reply  to  the  hail,  and  the  light  instantly  disappeared. 
For  the  third  time  the  patrols  gathered  and  ** starred"  from 
this  new  point. 

And  here  the  tale  was  taken  up  by  a  sailor  who  was  in 
command  of  another  trawler  at  the  time.  I  give  it,  so  far 
as  possible,  in  his  own  words. 

"About  4  o'clock  in  the  morning  I  was  called  by  Deckhand 
William  Brown  to  come  on  deck  and  see  if  an  object  sighted 
was  a  submarine.  I  did  so,  and  saw  a  subn:iarine  about  a 
mile  distant  on  the  port  bow.  I  gave  the  order,  'Hard 
a-starboard. '  The  ship  was  turned  tmtil  the  gun  was  able 
to  bear  on  the  submarine,  and  it  was  kept  bearing.  At  the 
same  time  I  ordered  hands  to  station,  and  about  ten  minutes 
afterward  I  gave  the  order  to  fire.  The  submarine  immedi- 
ately altered  her  course  from  W.  to  N.  N.  W.,  and  went 
away  from  us  very  fast.  I  burned  lights  to  attract  the 
attention  of  the  drifters,  and  we  followed  at  our  utmost 
speed,  making  about  eight  knots  and  shipping  light  sprays. 
We  fired  another  shot  about  two  minutes  later,  but  it  was 
breaking  dawn,  and  we  were  tmable  to  see  the  fall  of  the  shots. 
After  the  second  shot  the  submarine  submerged.  I  hoisted 
warning  signals  and  about  half  an  hour  later  I  saw  a  large 
steamer  turning  round,  distant  between  two  and  three 
miles  on  our  starboard  beam.  I  headed  toward  her,  keeping 
the  gun  trained  on  her,  as  I  expected,  judging  by  her  action, 
that  she  had  smelt  the  submarine.    When  we  were  about  a 

22 


JB9  Airoaft  and  Submarines 

mil*  sad  a  half  Iraat  the  TTramrT  I  sur  fhc  ■mhfnarin^  h-aif 
s  nrile  astern  of  her.  We  opened  ore  Ag^io.  and  gave  bs 
Kmr'  shots,  intn  Bbmt  two  ostuntes  becveen  'em.  The  5at>' 
flianne  tlten  dodffA  bdond  the  off  qoamr  of  'he  sttaaer," 
He  poswd  to  Sglit  lot  pipe,  and  added,  qmte  gxarelr, 
"When  sbe  had  jfj^apju'iniil  T>^hind  the  steamer  I  ^ve  the 
otder'CeaMeSxe,'  Go  avoid  hitliiiE  the largEr  vcseL  " 

mrfds  woold  1  hsve  ■Down  any  doubt  of  hs  power  to  blast 
fab  way.  if  aacnnry,  ibraag^  aH  the  wood  and  iraa.  in  the 
imigerae;  and  I  was  glad  that  the  bloe  cloods  of  our  onoke 
mtngbd  tor  s  momest  bstmsi  is. 

"I  «aw  two  white  boots  oA  the  port  quarter."  he  con- 
tintwd.  "  Bat  I  paid  no  attentkn  to  than.  I  onknd  the 
bchn  to  be  starboanled  a  bit  more,  and  told  the  gtmner  to 
tnin  bis  jpm  on  the  bow  of  the  steamer:  for  I  acpeded  the 
•ebnurine  to  show  there  next.  A  few  minittes  later  sbe  did 
•o,  and  when  she  dfew  ahead  I  gaTe  the  order  to  file.  I 
flbotild  say  we  were  about  a  mile  and  a  quarter  awaj.  We 
fK«B  him  two  more  shots  and  they  dropped  very  close,  as 
VOW  tail  caomig  tower.  He  altered  Ms  course 
dire^^tly  away  from  us.  and  we  continued  to  fire.  The  third 
shf>t  smnthererl  his  conning  tower  with  spray.  [  did  not  see 
the  fourth  and  fifth  fihots  pitch.  There  was  no  splash  vis- 
ihU:,  although  it  was  then  broad  daylight;  so  I  believe  they 
must  have  hit  him.  A  few  momenta  after  this  the  sub- 
marino  'iisappeared. 

"I  turned,  then,  toward  the  two  white  boats  and  hailed 
them.  The  chief  officer  of  the  Steamer  was  in  charge  of  one. 
Thfv  were  returning  to  their  ship,  and  told  me  that  we  had 
hit  the  submarine.  We  escorted  them  through  the  nets 
and  parted  very  good  friends." 

"But  how  did  you  get  the  scalp  of  this  U-boat:"  I  asked. 

"We  signalled  to  the  admiral,  and  sent  the  Daffy  to 
investigate.  She  found  the  place,  all  right.  It  was  a 
choppy  sea,  hut  there  was  one  smooth  patch  in  it,  just  where 
we  told  'em  the  submarine  had  disappeared ;  a  big  patch  of 
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water  like  wavy  satin,  two  or  three  hundred  yards  of  it, 
coloured  like  the  stripes  on  mackerel,  all  blue  and  green  with 
oil.    They  took  a  specimen  of  the  oil. " 

"Did  it  satisfy  the  Admiralty?" 

"No.  Nothing  satisfies  the  Admiralty  but  certainties. 
They  cotmt  the  minimtmi  losses  of  the  enemy,  and  the 
maximtmi  of  their  own.  Very  proper,  too.  Then  you  know 
where  you  are.  But,  mind  you,  I  don't  believe  we  finished 
him  o&  that  morning.  Oil  don't  prove  that.  It  only  proves 
we  hit  him.  I  believe  it  was  the  'Maggie  and  Rose'  that 
killed  him,  or  the  'Hawthorn.'  No;  it  wasn't  either.  It 
was  the  'Loch  Awe.'" 

"How  was  that?" 

"Well,  as  Commander  White  was  telling  you,  we'd  shot 
out  nets  to  the  north  and  south  of  him.  There  were  two  or 
three  hundred  miles,  perhaps,  in  which  he  might  wriggle 
about;  but  he  couldn't  get  out  of  the  trap,  even  if  he  knew 
where  to  look  for  the  danger.  He  tried  to  run  for  home,  and 
that's  what  finished  him.  They'll  tell  you  all  about  that  on 
the 'Loch  Awe.'" 

So  the  next  day  I  heard  the  end  of  the  yam  from  a 
sandy-haired  skipper  in  a  trawler  whose  old  romantic  name 
was  dark  with  new  significance.  He  was  terribly  logical. 
In  his  cabin — a  comfortable  room  with  a  fine  big  stove — ^he 
had  a  picture  of  his  wife  and  daughters,  all  very  rigid  and 
imcomfortable.  He  also  had  three  books.  They  included 
neither  Bums  nor  Scott.  One  was  the  Bible,  thtmibed  by 
his  grandfather  and  his  father  till  the  paper  had  worn 
yellow  and  thin  at  the  sides.  The  second,  I  am  sorry  to  say, 
was  called  The  Beautiful  White  Devil.  The  third  was  an  odd 
volume  of  Froude  in  the  Everyman  edition.  It  dealt  with 
the  Armada. 

"I  was  towin'  my  nets  wi'  the  rest  o'  my  group, "  he  said, 
"till  about  3  o'clock  i'  the  momin'  on  yon  occasion.  It  was 
fine  weather  wi'  a  kind  o'  haar.  All  at  once,  my  ship  gaed 
six  points  aS  her  coorse,  frae  S.  E.  to  E.  N.  E.,  and  I  ja- 
loused  that  the  nets  had  been  fotiled  by  some  muckle 
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now  famous  pronotincement  of  the  Gennan  Government 
declaring  '*all  the  waters  around  Great  Britain  and 
Ireland,  including  the  whole  of  the  English  Channel,  a 
war  zone, "  and  announcing  that  on  and  after  Feb.  i8th, 
Germany  **will  attempt  to  destroy  every  enemy  ship 
found  in  that  war  zone,  without  its  being  always  pos- 
sible to  avoid  the  danger  that  will  thus  threaten  neutral 
persons  and  ships."  Germany  gave  warning  that  **it 
cannot  be  responsible  hereafter  for  the  safety  of  crews, 
passengers,  and  cargoes  of  such  ships,"  and  it  further- 
more "calls  the  attention  of  neutrals  to  the  fact  that  it 
would  be  well  for  their  ships  to  avoid  entering  this  zone, 
for,  although  the  German  naval  forces  are  instructed  to 
avoid  all  violence  to  neutral  ships,  in  so  far  as  these  can 
be  recognized,  the  order  given  by  the  British  Govern- 
ment to  hoist  neutral  flags  and  the  contingencies  of 
naval  warfare  might  be  the  cause  of  these  ships  becom- 
ing the  victims  of  an  attack  directed  against  the  vessels 
of  the  enemy." 

This  was  the  beginning  of  the  submarine  controversy 
between  Germany  and  the  United  States  and  resulted 
in  a  note  from  the  United  States  Government  in  which  it 
was  stated  that  the  latter  viewed  the  possibilities  created 
by  the  German  note 

with  such  grave  concern,  that  it  feels  it  to  be  its  privilege, 
and,  indeed,  its  duty,  in  the  circumstances  to  request  the 
Imperial  German  Government  to  consider  before  action  is 
taken  the  critical  situation  in  respect  of  the  relation  between 
this  coimtry  and  Germany  which  might  arise  were  the  Ger- 
man naval  forces,  in  carrying  out  the  policy  foreshadowed 
in  the  Admiralty's  proclamation,  to  destroy  any  merchant 
vessel  of  the  United  States  or  cause  the  death  of  American 
citizens: — To  declare  and  exercise  a  right  to  attack  and 
destroy  any  vessel  entering  a  prescribed  area  of  the  high  seas 
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to  recount  all  the  deeds  of  heroism  which  this  new  war- 
fare occasioned.  Belligerents  and  neutrals  alike  were 
affected.  American  ships  suffered,  perhaps,  to  a  lesser 
degree,  than  those  of  other  neutrals,  partly  because  of 
the  determined  stand  taken  by  the  United  States 
Government.  On  May  i,  1915,  the  first  American 
steamer,  the  Gulflight,  was  stmk.  Six  days  later  the 
world  was  shocked  by  the  news  that  the  Lusitanta^ 
one  of  the  biggest  British  passenger  liners,  had  been 
torpedoed  without  warning  on  May  7,  1915  and  had 
been  stmk  with  a  loss  of  1198  lives,  of  whom  124  were 
American  citizens.  Before  this  nation  was  goaded  into 
war,  more  than  200  Americans  were  slain. 

Notes  were  again  exchanged  between  the  two  Govern- 
ments. Though  the  German  government  at  that  time 
showed  an  inclination  to  abandon  its  position  in  the 
submarine  controversy  under  certain  conditions,  sink- 
ings of  passenger  and  freight  steamers  without  warning 
continued.  All  attempts  on  the  part  of  the  United 
States  Government  to  come  to  an  equitable  understand- 
ing with  Germany  failed  on  accotmt  of  the  latter's 
refusal  to  give  up  submarine  warfare,  or  at  least  those 
features  of  it  which,  though  considered  illegal  and 
inhuman  by  the  United  States,  seemed  to  be  considered 
most  essential  by  Germany. 

Then  came  the  German  note  of  January  31,  191 7, 
stating  that  ''from  February  i,  191 7,  sea  traffic  will  be 
stopped  with  every  available  weapon  and  without  fur- 
ther notice"  in  certain  minutely  described  '* prohibited 
zones  around  Great  Britain,  France,  Italy,  and  in  the 
Eastern  Mediterranean. " 

The  total  tonnage  stmk  by  German  submarines  from 
the  beginning  of  the  war  up  to  February  i,  19 17,  has 
been  given  by  British  sources  as  over  three  million  tons, 
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Aug.  19 15  3  18 

Aug.  26 18  5  23 

Sept.   2 20  3  23 

Sept.   9 12  6  18 

Sept.  16 8  20  28 

S^t.  23 13  2  15 

Sept.  30 II  2  13 

Oct.   7 14  2  16 

Oct.   14 12  6  18 

Oct.   21 17  8  25 

Oct.   28 14  4  18 

Nov.   4 8  4  12 

Nov.   II I  5  6 

The  table  with  its  week  by  week  report  of  the  British 
losses  is  of  importance  because  at  the  time  it  was  taken 
as  a  barometer  indicative  of  German  success  or  failiu^. 
The  German  admiralty  at  the  moment  of  declaring  the 
ruthless  submarine  war  promised  the  people  of  Germany 
that  they  would  sink  a  million  tons  a  month  and  by  so 
doing  would  force  England  to  abject  surrender  in  the 
face  of  starvation  within  three  months.  During  that 
period  the  whole  civilized  world  looked  eagerly  for  the 
weekly  statement  of  British  losses.  Only  at  one  time 
was  the  German  estimate  of  a  million  tons  monthly 
obtained.  Most  of  the  time  the  execution  done  by  the 
undersea  boats  amotmted  to  less  than  half  that  figure. 
So  far  from  England  being  beaten  in  three  months,  at 
the  end  of  ten  she  was  still  tmshattered,  though  sorely 
disturbed  by  the  loss  of  so  much  shipping.  Her  new 
crops  had  come  on  and  her  statesmen  declared  that  so 
far  as  the  food  supply  was  concerned  they  were  safe  for 
another  year. 

Dming  this  period  of  submarine  activity  the  United 
States  entered  upon  the  war  and  its  government  im- 
mediately turned  its  attention  to  meeting  the  submarine 
menace.  In  the  first  four  months  literally  nothing  was 
accomplished  toward  this  end.  A  few  submarines  were 
reported  sunk  by  merchantmen,  but  in  nearly  every 
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women  and  children.  Some  of  the  survivors  have  told 
in  graphic  story  the  record  of  their  actual  experiences. 
Among  these  one  of  the  most  vivid  is  from  the  pen  of  a 
well-known  American  journalist,  Floyd  P.  Gibbons, 
correspondent  of  the  Chicago  Tribune.  He  was  saved 
from  the  British  liner,  Laconia,  simk  by  a  German  sub- 
marine, and  thus  tells  the  tale  of  his  sufferings  and  final 
rescue: 

I  have  serious  doubts  whether  this  is  a  real  story.  I  am 
not  entirely  certain  that  it  is  not  all  a  dream  and  that  in  a 
few  minutes  I  will  wake  up  back  in  stateroom  B.  19  on  the 
promenade  deck  of  the  Cunarder  Laconia  and  hear  my  cock- 
ney steward  informing  me  with  an  abtmdance  of  "and  sirs" 
that  it  is  a  fine  morning. 

I  am  writing  this  within  thirty  minutes  after  stepping  on 
the  dock  here  in  Queenstown  from  the  British  mine  sweeper 
which  picked  up  our  open  lifeboat  after  an  eventful  six  hours 
of  drifting,  and  darkness  and  baling  and  pulling  on  the  oars 
and  of  straining  aching  eyes  toward  that  empty,  meaning- 
less horizon  in  search  of  help.     But,  dream  or  fact,  here  it  is : 

The  first-cabin  passengers  were  gathered  in  the  lounge 
Sunday  evening,  with  the  exception  of  the  bridge  fiends  in 
the  smoking-room.  Poor  Butterfly  was  dying  wearily  on 
the  talking-machine  and  several  couples  were  dancing. 

About  the  tables  in  the  smoke-room  the  conversation  was 
limited  to  the  announcement  of  bids  and  orders  to  the 
stewards.  This  group  had  about  exhausted  available 
discussion  when  the  ship  gave  a  sudden  lurch  sideways  and 
forward.  There  was  a  mufSed  noise  like  the  slamming  of 
some  large  door  at  a  good  distance  away.  The  slightness  of 
the  shock  and  the  mildness  of  the  report  compared  with 
my  imagination  was  disappointing.  Every  man  in  the 
room  was  on  his  feet  in  an  instant. 

I  looked  at  my  watch.     It  was  10.30. 

Then  came  five  blasts  on  the  whistle.    We  rushed  down 
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the  conidor  leading  &xhii  the  smoking-room  at  the  Etem  to 
the  lounge,  which  was  amidships.  We  were  running,  bat 
there  was  no  panic.  The  occupants  of  the  kwinge  were  jost 
leaving  by  the  forward  doors  as  we  entered. 

It  was  dark  when  we  reached  the  lever  deck.  I  rushed 
into  my  stateroom,  grabbed  life  preservers  and  overooat  and 
made  my  way  to  the  upper  deck  on  that  same  dark  landing. 

I  saw  tbe  chief  stewanl  opening  an  electric  switch  box  in 
the  wall  and  turning  on  the  switch.  Instantly  the  boat 
decks  were  illuminated.     That  illumination  sa\'ed  lives. 

The  torpedo  had  hit  us  well  astern  on  the  starboard  side 
aztd  bad  missed  the  engines  and  the  dynamos.  I  had  not 
noticed  the  deck  lights  before.  Throughont  tbe  \*oyage 
our  decks  had  remained  dark  at  night  and  all  cabin  port- 
holes were  clamped  down  and  all  windows  covered  with 
opaque  paint. 

The  illumination  of  the  upper  deck,  on  which  I  stood, 
made  the  darkness  of  the  water,  sixty  feet  below,  appear 
all  the  blacker  when  I  peered  over  the  edge  at  my  station 
boat.  No.  lo. 

Already  the  boat  was  loading  up  and  men  and  boys  wezc 
busy  with  the  ropes.  I  started  to  help  near  a  davit  that 
seemed  to  be  giving  trouble,  but  was  stoutly  ordered  to  get 
out  of  the  way  and  get  into  the  boat.  We  were  on  the  port 
side,  practically  opposite  the  engine  well.  Up  and  down  the 
deck  passengers  and  crew  were  donning  lifebelts,  throwing 
on  overcoats,  and  taking  positions  in  the  boats.  There  were 
anumberof  women,  but  only  oneappeared  hysterical.  .  .  . 

The  boat  started  downward  with  a  jerk  toward  the  seem- 
ingly hungry  rising  and  falling  swells.  Then  we  stopped 
and  remained  suspended  in  midair  while  the  men  at  the 
bow  and  the  stem  swore  and  tusselled  with  the  lowering 
ropes.  The  stem  of  the  boat  was  down,  the  bow  up,  leav- 
ing us  at  an  angle  of  about  forty-five  degrees.  We  clung  to 
the  seats  to  save  ourselves  from  falling  out- 

"  Who's  got  a  knife?  A  knife!  a  knife!"  bawled  a  sweat- 
ing seaman  in  the  bow. 
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** Great  God !  Give  him  a  knife,  *'  bawled  a  half-dressed, 
gibbering  negro  stoker  who  wrung  his  hands  in  the  stem. 

A  hatchet  was  thrust  into  my  hand,  and  I  forwarded  it 
to  the  bow.  There  was  a  flash  of  sparks  as  it  crashed  down 
on  the  holding  pulley.  Many  feet  and  hands  pushed  the 
boat  from  the  side  of  the  ship  and  we  sagged  down  again, 
this  time  smacking  squarely  on  the  billowy  top  of  a  rising 
swell. 

As  we  pulled  away  from  the  side  of  the  ship  its  receding 
terrace  of  lights  stretched  upward.  The  ship  was  slowly 
turning  over.  We  were  opposite  that  parf  occupied  by  the 
engine  rooms.  There  was  a  tangle  of  oars,  spars  and  rigging 
on  the  seat  and  considerable  confusion  before  four  of  the 
big  sweeps  could  be  manned  on  either  side  of  the  boat. 

The  gibbering  bullet-headed  negro  was  pulling  directly 
behind  me  and  I  turned  to  quiet  him  as  his  frantic  reaches 
with  his  oar  were  hitting  me  in  the  back. 

"Get  away  from  her,  get  away  from  her,"  he  kept  re- 
peating. "When  the  water  hits  her  hot  boilers  she'll  blow 
up,  and  there's  just  tons  and  tons  of  shrapnel  in  the  hold. " 

His  excitement  spread  to  other  members  of  the  crew  in 
the  boat. 

It  was  the  give-way  of  nerve  tension.  It  was  bedlam  and 
nightmare. 

We  rested  on  our  oars,  with  all  eyes  on  the  still  lighted 
Laconia.  The  torpedo  had  struck  at  10.30  p.  m.  It  was 
thirty  minutes  afterward  that  another  dull  thud,  which  was 
accompanied  by  a  noticeable  drop  in  the  hulk,  told  its  story 
of  the  second  torpedo  that  the  submarine  had  despatched 
through  the  engine  room  and  the  boat's  vitals  from  a  dis- 
tance of  two  hundred  yards. 

We  watched  silently  during  the  next  minute,  as  the  tiers 
of  lights  dimmed  slowly  from  white  to  yellow,  then  a  red,  and 
nothing  was  left  but  the  murky  mourning  of  the  night,  which 
hung  over  all  like  a  pall. 

A  mean,  cheese-coloured  crescent  of  a  moon  revealed  one 
horn  above  a  ragged  bundle  of  douds  low  in  the  distaiifiOL 
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A  rim  of  blackness  settled  around  our  little  world,  relieved  ' 
only  by  general  leering  stars  in  the  zenith,  and  where  the   '■ 
Lacania's  lights  had  shone  there  remained  only  the  dim  out- 
lines of  a  blacker  hulk  standing  out  above  the  water  like  a 
jagged  headland,  silhouetted  against  the  overcast  sky. 

The  ship  sank  rapidly  at  the  stem  until  at  last  its  nose 
stood  straight  in  the  air.  Then  it  slid  silently  down  and 
out  of  sight  like  a  piece  of  disappearing  scenery  in  a  panor- 
ama spectacle. 

Boat  No.  3  stood  closest  to  the  ship  and  rocked  about  in 
B  perilous  sea  of  clashing  spars  and  wreckage.  As  otu"  boat's 
crew  steadied  its  head  into  the  wind  a  black  hulk,  glistening 
wet  and  standing  about  eight  feet  above  the  surface  of  the 
water,  approached  slowly  and  came  to  a  stop  opposite  the 
boat  and  not  six  feet  from  the  side  of  it. 

"What  ship  was  dot?"  The  correct  words  in  throaty 
English  with  a  German  accent  came  from  the  dark  hulk, 
according  to  Chief  Steward  Ballyn's  statement  to  me  later. 

"  The  Laconia, "  Batlyn  answered. 

"Vot?" 

"The  Laconia,  Cunard  Line,"  responded  the  steward. 

"Vot  did  she  weigh?"  was  the  next  question  from  the  j 
V' Submarine. 

"Eighteen  thousand  tons." 

"Any  passengers?" 

"Seventy-three."  replied  Ballyn,  "men,  women,  and 
children,  some  of  them  in  this  boat.  She  had  over  two 
hundred  in  the  crew." 

"Did  she  carry  cargo?" 

"Yes." 

"Well,  you'll  be  all  right.  The  patrol  will  pick  you  up 
soon."  And  without  further  sound  save  for  the  almost 
silent  fixing  of  the  conning  tower  lid,  the  submarine  moved 
off. 

There  was  no  assurance  of  an  early  pick-up,  even  tho  the 
promise  were  from  a  German  source,  for  the  rest  of  the 
boats,  whose  occupants:— if  they  felt  and  spoke  like  those 
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in  my  boat — were  more  than  mildly  anxious  about  their 
plight  and  the  prospects  of  rescue. 

The  fear  of  some  of  the  boats  crashing  together  produced 
a  general  inclination  toward  further  separation  on  the  part 
of  all  the  little  units  of  survivors,  with  the  restdt  that  soon 
the  small  craft  stretched  out  for  several  miles,  all  of  them 
endeavouring  to  keep  their  heads  in  the  wind. 

And  then  we  saw  the  first  light — the  first  sign  of  help 
coming — the  first  searching  glow  of  white  brilliance,  deep 
down  on  the  sombre  sides  of  the  black  pot  of  night  that 
hung  over  us. 

It  was  way  over  there — ^first  a  trembling  quiver  of  silver 
against  the  blackness;  then,  drawing  closer,  it  defined  itself 
as  a  beckoning  finger,  altho  still  too  far  away  yet  to  see  our 
feeble  efforts  to  attract  it.    .    .    . 

We  pulled,  pulled,  lustily  forgetting  the  strain  and  pain 
of  innards  torn  and  racked  from  pain,  vomiting — oblivious 
of  blistered  hands  and  wet,  half  frozen  feet. 

Then  a  nodding  of  that  finger  of  light — a  happy,  snapping, 
crap-shooting  finger  that  seemed  to  say:  "Come  on,  you 
men, "  like  a  dice-player  wooing  the  bones — ^led  us  to  believe 
that  otu*  lights  had  been  seen.  This  was  the  fact,  for  im- 
mediately the  coming  vessel  flashed  on  its  green  and  red 
side-lights  and  we  saw  it  was  headed  for  our  position. 

"  Come  alongside  port !  *'  was  megaphoned  to  us.  And  as 
fast  as  we  could  we  swung  under  the  stem,  while  a  dozen 
flashlights  blinked  down  to  us  and  orders  began  to  flow  fast 
and  thick. 

A  score  of  hands  reached  out,  and  we  were  suspended  in 
the  husky  tattooed  arms  of  those  doughty  British  jack  tars, 
looking  up  into  the  weather-beaten,  youthful  faces,  mumb- 
ling thanks  and  thankfulness  and  reading  in  the  gold  letter- 
ing on  their  pancake  hats  the  legend  "  H.  M.  S.  Laburnum. " 

Of  course,  the  submarine  fleets  of  the  various  navies 
paid  a  heavy  toll  too.  It  has  become,  however,  in- 
creasingly difiScult  to  get  any  accurate  figures  of  these 
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losses.  The  British  navy,  it  is  known,  lias  ksC  dmmg 
(9i4>  ^9^5'  ^od  191^  twelve  boats,  some  of  wtnch 
floundered,  were  wrecked  or  mined  while  others  stmpfy 
nsver  retoraed.  The  toes  of  eight  German  sobmarines 
bas  also  been  definitely  established.  Others,  however, 
are  known  to  have  been  lost,  and  their  atonber  has  beoi 
greatly  increased  since  the  arming  at  rrifrrhanTm^n. 
In  (917  it  was  estimated  that  the  Germans  lost  ooe  U- 
boat  a  week  and  built  thiee. 

Just  what  sensations  a  man  experiences  in  a  sob- 
merged  sabmannc  that  finds  it  tmpossibfe  to  rise  ag^in, 
is,  of  coarse,  more  or  less  o(  a  mystery.  For,  tbottgit 
submarines,  the  entire  crew  of  which  perished,  haw 
been  raised  later,  only  one  record  has  ever  been  known 
to  have  been  made  covering  the  period  during  wiadi 
death  by  suffocation  or  drowning  stand  their  occupants 
in  iht  face.  This  heroic  and  pathetic  record  was 
written  in  form  of  a  letter  by  the  commander  of  a 
J^)aaese  submarine,  Lieutenant  Taknma  Faotonm, 
whfMc  boat,  with  its  entire  crew,  was  tost  on  April  15, 
1910,  during  manceuvres  in  Hiroshima  Bay.  The 
letter  reads  in  part  as  follows: 

Although  there  is,  indeed,  no  excuse  to  make  for  the  sink- 
ing of  his  [mperial  Majesty's  boat  and  for  the  doing  away 
of  siibori-Ii nates  through  my  heedlessness,  all  on  the  boat 
have  disf;hargcd  their  duties  well  and  in  everything  acted 
calmly  until  death.  Although  we  are  departing  in  pursu- 
ance of  our  duty  to  the  State,  the  only  regret  we  have  is 
due  to  anxiety  lest  the  men  of  the  world  may  misunderstand 
the  matter,  and  that  thereby  a  blow  may  be  given  to  the 
future  development  of  submarines.  While  going  through 
gasoiine  submarine  exercise,  wc  submerged  too  far,  and  when 
we  attempted  to  shut  the  sluice-valve,  the  chain  in  the 
meantime  gave  way.     Then  we  tried  to  close  the  sluice- 


valve,  by  hand,  but  it  was  tcxi  late,  the  rear  part  bang  full 
of  water,  and  the  boat  sank  at  an  angle  of  about  twenty-five 
degrees. 

The  switchboard  being  under  water,  the  electric  lights 
gave  out.  Offensive  gas  developed  and  respiration  became 
difficult.  The  above  has  been  written  under  the  light  of  the 
conning-tower  when  it  was  11-45  o'clock.  We  are  now 
soaked  by  the  water  that  has  made  its  way  in.  Our  clothes 
are  very  wet  and  we  feel  cold.  I  have  always  expected 
death  whenever  I  left  my  home,  and  therefore  my  will  is 
-Iready  in  the  drawer  at  Karasaki.  I  beg,  respectfully,  to 
say  to  his  Majesty  that  I  respectfully  request  that  none  of 
the  families  left  by  my  subordinates  shall  suffer.  The  only 
matter  I  am  anxious  about  now  is  this.  Atmospheric 
pressure  is  increasing,  and  I  feel  as  if  my  tympanum  were 
breaking.  At  12.30  o'clock  respiration  is  extraordinarily 
difficult.  I  am  breathing  gasoline.  I  am  intoxicated  with 
gasoline.     It  is  12.40  o'clock. 

Could  there  be  a  more  touching  record  of  the  way  in 
which  a  brave  man  met  death? 

More  interest  in  submarine  warfare  than  ever  before 
was  aroused  in  this  country  when  the  German  war  sub- 
marine U-53  imexpectedly  made  its  appearance  in  the 
harbour  of  Newport,  R.  I.,  during  the  afternoon  of 
October  7,  1916.  About  three  hours  afterwards,  with- 
out having  taken  on  any  supplies,  and  after  explaining 
her  presence  by  the  desire  of  delivering  a  letter  addressed 
to  Count  von  Bemstorfl,  then  German  Ambassador  at 
Washington,  the  U-53  ^^^  ^s  suddenly  and  mysteriously 
as  she  had  appeared. 

This  was  the  first  appearance  of  a  foreign  war  sub- 
marine in  an  American  port.  It  was  claimed  that  the 
U-53  h^d  made  the  trip  from  Wilhelmshaven  in  seven- 
teen days.     She  was  213  feet  long,  equipped  with  two 
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callous  indifference  to  human  life.  It  is  quite  probable 
that  had  this  event  occurred  before  the  invention  of 
wireless  telegraphy  had  robbed  the  navy  commander 
at  sea  of  all  initiative,  there  might  have  happened  off 
Nantucket  something  analogous  to  the  famous  action 
of  Commodore  Tatnall  when  with  the  cry,  "Blood  is 
thicker  than  water"  he  took  a  part  of  his  crew  to  the  aid 
of  British  vessels  sorely  pressed  by  the  fire  of  certain 
Chinese  forts  on  the  Yellow  River.  As  it  was  it  is  an 
open  secret  that  one  commander  appealed  by  wireless 
to  Washington  for  authority  to  intervene.  He  did  not 
get  it  of  course.  No  possible  construction  of  interna- 
tional law  could  give  us  rights  beyond  the  three-mile 
limit.  He  had  at  least  however  the  satisfaction  when 
the  German  commander  asked  him  to  move  his  ship  to 
a  point  at  which  it  would  not  interfere  with  the  sub- 
marine's fire  upon  one  of  the  doomed  vessels,  of  telling 
him  to  move  his  own  ship  and  accompanying  the  sug- 
gestion with  certain  phrases  of  elaboration  thoroughly 
American. 

The  rapid  development  of  submarine  warfare  natur- 
ally made  it  necessary  to  find  ways  and  means  to  com- 
bat this  new  weapon  of  naval  warfare.  Much  difficulty 
was  experienced,  especially  in  the  beginning,  because 
there  were  no  precedents  and  because  for  a  consider- 
able period  everything  that  was  tried  had  necessarily 
to  be  of  an  experimental  nature. 

To  protect  harbours  and  bays  was  found  compara- 
tively easy.  Nets  were  spread  across  their  entrances. 
They  were  made  of  strong  wire  cables  and  to  judge  frwn 
the  total  absence  of  submarines  within  the  harbours 
thus  guarded  they  proved  a  successful  deterrent.  In 
most  cases  they  were  supported  by  extensive  mine- 
fields.   The  danger  of  these  to  submarines,  however, 
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of  course,  have  been  found  impracticable.  Others, 
however,  have  been  used  with  success.  Few  details  of 
any  of  these  have  been  allowed  to  become  known. 

The  most  dangerous  power  of  submarines,  is  their 
ability  to  approach  very  closely  to  their  object  of  at- 
tack without  making  their  presence  known  to  their  prey. 
This  naturally  suggested  that  a  way  be  found  to  detect 
the  presence  of  submarines  early  enough  to  make  it 
possible  to  stave  off  an  attack  or  even  to  assume  the 
offensive  against  the  underwater  boat.  A  recent  inven- 
tion, the  perfection  of  which  is  due  to  the  work  of  Mr. 
William  Dubilier,  an  American  electrical  engineer,  and 
of  Professor  Tissot,  a  member  of  the  French  Academy  of 
Science,  is  the  microphone.  Few  details  are  known 
about  this  instrument  except  that  it  records  sound  waves 
at  as  great  a  distance  as  fifty-five  miles.  This  woidd 
permit  in  most  cases  the  calling  of  patrol  boats  or  the 
use  of  other  defensive  means  before  the  submarine 
would  be  able  to  execute  an  attack. 

At  the  present  moment  it  would  appear  that  the  most 
dangerous  enemy  of  the  submarine  yet  discovered  is  the 
airplane  or  the  dirigible.  Some  figures  as  to  the  mortal- 
ity among  submarines  due  to  the  efforts  of  aircraft 
have  been  published  in  an  earlier  chapter.  The  chief 
value  of  aircraft  in  this  work  is  due  to  the  fact  that 
objects  under  the  water  are  readily  discernible  at  a  con- 
siderable depth  when  viewed  from  a  point  directly  over 
them.  An  illustration  familiar  to  every  boy  is  to  be 
found  in  the  fact  that  he  can  see  fish  at  the  bottom  of  a 
clear  stream  from  a  bridge,  while  from  the  shore  the 
refraction  of  the  water  is  such  that  he  can  see  nothing. 
From  the  air  the  aviator  can  readily  see  a  submarine  at 
a  depth  of  fifty  feet  unless  the  water  is  unusually  rough 
or  turbid.     The  higher  he  rises  the  wider  is  his  sphere  of 
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recounting  the  steps  by  which  a  brother  air-man  at- 
tain«i  a  position  directly  above  a  submerged  submarine 
preparatory  to  dropping  his  bomb,  he  says: 

Down  shot  his  plummet  of  steel  and  neatly  parted  the 
waters  ahead  of  the  labouring  submarine.  But  it  did  not 
explode.  I  could  see  a  whirling  metal  propeller  on  the  tor- 
pedo revolve  as  it  sank.  It  must  have  missed  the  craft  by 
twenty  feet. 

Suddenly  a  column  of  water  higher  than  my  position  in 
the  air  stood  straight  up  over  the  sea,  then  slipped  noise- 
lessly back.     By  all  that  is  wonderful  how  did  that  happen? 

As  we  covered  the  spot  again  and  again  in  our  circling 
machines,  we  were  joined  by  two  more  pilots,  and  finally  by 
a  fast  clipper  steam  yacht.  The  surface  of  the  water  was 
literally  covered  with  oil,  breaking  up  the  ripple  of  the 
waves,  and  smoothing  a  huge  area  into  gleaming  bronze. 
Here  and  there  floated  a  cork  belt,  odd  bunches  of  cotton 
waste,  a  strip  of  carpet,  and  a  wooden  three-legged  stool. 
These  fragments  alone  remained  to  testify  to  the  corpus 
delicti. 

"  Philip, "  I  said  half  an  hour  later,  as  the  hot  coffee  was 
thawing  out  our  insides,  "what  kind  of  a  civilized  bomb  do 
you  call  that?" 

"That  bears  the  simple  little  title  of  trinitrotoluol;  call 
it  T.  N.  T.  for  short, "  replied  Sergeant  Pieron. 

"But  what  made  it  hang  fire  so  long?"  I  demanded. 

"It's  made  to  work  that  way.  When  the  bomb  begins 
sinking  the  little  propeller  is  turned  as  it  is  pulled  down 
through  the  water.  It  continues  turning  until  it  screws  to 
the  end.  There  it  touches  the  fuse-pin  and  that  sets  oS  the 
high  explosive — at  any  depth  you  arrange  it  for." 

I  regarded  him  steadfastly.  Then  I  remarked,  "But  it 
did  not  touch  the  submarine.     I  saw  it  miss. " 

"Yes,  you  can  miss  it  fifty  yards  and  still  crush  the  sub- 
marine." He  took  up  an  empty  eggshell,  "  The  submarine 
is  hollow  like  this.     She  is  held  rigidly  on  all  her  sides  by  the 
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water.  Watet  is  non-compressibie  like  steel.  Now  when  I 
the  T.  N.  T.  explodes,  even  some  distance  away,  the  violent  I 
expending  concussion  is  communicated  to  this  hollow  s 
just  as  though  a  battering  ram  struck  it.  The  submarine  j 
can't  give  any  because  the  surrounding  water  holds  her  in  I 
place.     So  she  crumples  up — like  this. " 

Pieron  opened  his  hand  and  the  flakes  of  egg  shell  Sttttered 
down  until  they  struck  the  floor. 

Gunfire  undoubtedly  is  still  the  most  reliable  pre- 
ventive   against    submarine    attacks.     Comparatively 
small  calibred  guns  can  cause  serious  damage  to  sub- 
marines even  by  one  well  directed  shot.     Submarines 
have  been  sunk  both  by  war-ships  and  merchantmen  in 
this  way  and  many  more  have  been  forced  to  desist  from  , 
attacks.     Not  every  merchantman,  of  course,  can  be  j 
equipped  with  the  necessary  guns  and  gunners.  Neither  1 
equipment  nor  men  can  be  spared  in  sufficient  quanti- 
ties.    But  the  efficiency  of  gun  protection  has  been  | 
proved  beyond  all  doubt  by  many  authentic  reports  of  1 
successful  encounters  between  armed  merchantmen  and 
submarines  in  which  the  latter  were  defeated. 

Ramming,  too,  has  been  advocated  and  tried.  It 
is,  however,  a  procedure  involving  considerable  danger 
to  the  attacking  boat.  For  one  thing  all  the  submarine 
has  to  do  is  to  dive  quick  and  deep  enough  and  it  is  out 
of  harm's  way.  Then,  too,  the  chances  are  that  the 
submarine  can  launch  a  torpedo  in  time  to  reach  the 
ramming  vessel  before  the  latter  can  do  any  damage. 

There  have  been  reports  of  submarine  duels  between 
Austrian  and  Italian  submarines  in  the  Adriatic  in 
which  it  was  claimed  that  in  each  at  least  one  submarine 
was  destroyed,  and,  at  least,  in  one  instance  both  the 
duellists  were  sunk.  Generally  speaking  the  fact  has 
been  established,  however,  that  submarines  cannot  fight 
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submarines  with  any  degree  of  success,  except  in  excep- 
tional cases  and  tuider  exceptional  conditions. 

Since  the  outbreak  of  the  war  between  the  United 
States  and  Germany  the  question  of  combating  the  sub- 
marine has  become  more  acute  than  ever.  The  latest 
development  has  been  along  negative  rather  than  afiBrm- 
ative  lines.  It  has  apparently  been  decided  that  none  of 
the  devices,  known  at  present  and  capable  of  destrojdng 
submarines,  is  sufficient  either  alone  or  in  combinations 
to  defeat  the  submarines  decisively.  The  best  means  of 
balancing  as  much  as  possible  the  losses  which  German 
submarines  are  inflicting  on  the  shipping  facilities  of  the 
Allies  at  the  present  seems  to  be  the  tmlimited  and 
prompt  building  of  large  fleets  of  comparatively  small 
ships.  If  this  can  be  accomplished  in  time,  the  Ger- 
man submarines  undoubtedly  will  find  it  impossible  to 
destroy  a  tonnage  sufficient  to  exert  any  great  influence 
on  the  final  outcome  of  the  war. 
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too,  bi-  and  tri-planes  are  built  capable  of  carrying 
twenty-five  to  thirty  men  besides  guns  and  ammuni- 
tion. It  is  easy  to  foresee  the  use  that  can  be  made  of 
machines  of  this  character  in  times  of  peace.  Needing 
no  tracks  or  right  of  way,  requiring  no  expensive  signal- 
ling or  operative  system,  asking  only  that  at  each  end  of 
the  route  there  shall  be  a  huge  level  field  for  rising  and 
for  landing,  these  machines  will  in  time  take  to  them- 
selves the  passenger  business  of  the  world. 

But  the  future  of  the  submarine  is  more  dubious. 
Always  it  will  be  a  potent  weapon  of  war.  It  may  in- 
deed force  the  relegation  of  dreadnoughts  to  the  scrap 
heap.  But  of  its  peaceful  services  there  is  more  doubt. 
That  it  can  be  made  a  cargo  carrier  is  unquestionably 
true.  But  to  what  good?  There  is  no  intelligent  rea- 
son for  carrying  cargoes  slowly  under  water  which  might 
just  as  well  be  carried  swiftly  on  the  surface  unless  war 
compels  concealment.  Underwater  navigation  must 
always  be  slower  and  more  expensive  than  surface  navi- 
gation, nor  does  it  seem  probable  that  the  underwater 
boats  can  ever  equal  in  size  ordinary  ships,  though  un- 
doubtedly their  present  proportions  are  going  to  be 
greatly  increased. 

As  a  result  of  the  German  submarine  campaign  it  is 
possible  that  the  United  States  may  develop  a  fleet  of 
underwater  merchantmen  to  circumvent  the  enemy 
while  this  war  continues,  though  there  has  been  but 
little  discussion  of  it.  But  even  so,  commonsense  would 
indicate  that  such  a  fleet  would  be  abandoned  on  the 
restoration  of  peace.  If  anything  is  to  be  done  toward 
making  the  submarine  a  vessel  of  ordinary  every-day 
use  the  present  double  system  of  motors — the  Diesels 
for  surface  navigation  and  the  electric  for  submerged 
service —  will    have    to    be    abandoned.      Inventors 
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hrtwrver  an>  dtligentJy  working  oo  Uiis  problem  to-dA.y;:d 
TnH€«>d  sf>  vnnM  known  and  mccesstai  a  builder  oi  s 
marinate  M  Mr.  SinuHi  Lakeseemod  toham^faithintJ 
powihiIiti«  as  moirhant  rrait.    A»  earty  ns  FeJ 
1916,  hff  anttoiinwd  that  he  liad  taken  irat  a  ] 

1 00  u  new  fnrm  of  aufp-auryxnK  submarine  which  he  d&- 
lihert  aa  made  up  of  "neatts  of  light-weight  orcuiar 

Ftanks  of  (r>mpAriitlvety  nnali  diameter  mnrninided  by 
a  !ihif>-5hape  torm  of  hnlL"  What  ^tdvnnta^e  was  10 
aecntfl  from  this  fype  of  vesaet  Mr.  Lake  has  not 
ESC|daii>ed.  Hnwpvrr  the  Germans  who  e-eenied  la^.^ 
origiiMW  everything  ^ucoeasfulfy  demonstxated  ' 
the  rn«rr*hanc  suhmariii>e  was.  a.  practicable  aad  v 
cfftft  wftli  whJrh  to  beat  the  blockade. 

Thw  WHS  provM  by  the  two  saoctsBtnl  trijH  made  b 
the  unantifd  G«rman  merchant  jtufamaiine  i 
be»wf«?n  Germany  and  the  United  States  iir  [gi6_  " 
Lfmded  with  a  cArgo  of  (iy<;stu&  and  cbemicaU  she  left 
BreiTHfl  in  June  14.  1916,  and  oniyed  in  Haiti  mere; 
earlv  in  ]a}v  AftiT  ^  f,hort  'Jtay.  clmiuE  wliidi  'hw^ 
■rviV  'in  'i  hill  r''fi)rn  i  .irco.  .  nr.sisting  rhietiy  of  nibbex 
.iri'l  Tni='+=-)  ■h'^  -.t.-.rtf-d  on  Aiieust  I,  iQib.  for  her  return 
'nji  tri  lln'mpn  ■.■■h('ro  hf^  .irr^v^d  .-.-iidy  soon  ;ater  Au- 
/Ll=^  rs,  i')!'^  '"Inrn  ;-Mnrp  :n  ucrober  of  the  same  year 
shp  ni^df  -I  -nrrf<;';iiil  -oiind  -rip,  'locidnij  rhia  tirrie  in 
Mfw  I^.Tiflon  Thfrf  ■ti-;  .  onsidcrable  :aik  .ibout  ad- 
■  lUion^l  i-ins  'iv  -therr  '  irrman  ;7iert;hant  iibmarines. 
'I'l'  nonf  '.f  ''nrm  ■■■fro  rver  lamcd  'luc.  f:  has  never 
].frr,mf  knmvn  u-hrrlier  'his  was  due  '.o  ihe  iossor  these 
morr-h»r\t  ;iihiTinrines  ur  'o  nniitical  reialions  between 
('•ermftny  ,ind  'ho.  United  States  which  were  then  j^rad- 
-inlly  :t';';iimin?  '1  !i>ss  friendly  form. 

'If  '■oiir^f,   it   ;s   *rue  'hat  such   ijoats  are   blockade 
runners  and  in  away,  :herefore,  part  and  parcel  of  war- 
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fare.  But  they  are  unaxmed  merchantmen  just  the 
same  and  their  exclusively  mercantile  character  has 
been  officially  acknowledged  by  the  United  States 
Government.  Under  conditions  of  peace,  however,  it 
is  very  doubtful  whether  submarine  merchantmen 
would  pay,  nor  does  it  seem  as  if  they  possessed 
any  advantages  at  all  over  surface  merchant  vessels. 
Nevertheless  they  represent  an  entirely  new  develop- 
ment of  submarine  navigation  and,  therefore,  deserve 
attention. 

During  her  stay  in  the  United  States,  very  few  people 
were  permitted  to  get  more  than  a  glance  of  the  Deutsch- 
land.  As  a  result,  comparatively  little  became  known 
regarding  her  mechanical  details.  The  Scientific 
American,  however,  in  its  issue  of  July  22,  19 16,  gives 
a  fairiy  detailed  description  of  this  first  merchant 
submarine. 

From  this  account  we  learn  that  the  Deutschland 
conforms  rather  closely  to  the  typical  German  naval 
U-boat.  The  hull  proper  consists  of  an  internal,  cigar- 
shaped,  cylindrical  structure,  which  extends  from  stem 
to  stem,  and  in  its  largest  diameter  measures  about 
twenty  feet.  Enclosing  this  hull  is  a  lighter  false  hull, 
which  is  perforated,  to  permit  the  entrance  and  exit 
of  the  sea-water,  and  is  so  shaped  as  to  give  the  sub- 
marine a  fairly  good  ship  model  for  driving  at  high 
speed  on  the  surface  and  at  a  much  lesser  speed  sub- 
merged. The  upper  portion  of  the  false  hull  does  not 
present  such  a  flat  deck-like  appearance  as  is  noticeable 
in  the  naval  U-boats.  In  fact,  the  whole  modelling  of 
the  Deutschland,  as  compared  with  the  naval  boats, 
suggests  that  she  has  been  fulled  out  somewhat,  with  a 
view  to  obtaining  the  necessary  displacement  for  cargo 
carrying. 
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Th«  interior  ryliadrical  huU  is  divided  bv  fanr  transverse 
butlcheuis  into  five  separate  water-tight  compartments. 
Compartmeat  No.  t,  at  the  bow,  contains  the  anchor  cables 
and  clectrif-  ininches  for  handling  the  anchor:  also  § 
ship  stores,  and  a  certain  amonnt  of  cargo- 
No.  2  is  given  up  entirely  to  cargo.  Compartment  No-  3, 
which  is  considerably  larger  than  any  of  the  othexs.  contains 
the  living  quarten  of  the  officers  and  czew.  At  the  after 
end  of  this  compartment,  and  commtmicaiing  with.  it.  is 
the  conning  tower.  Compartment  No.  4  :s  given  up  en- 
tirely to  cargo.  Compartment  No.  5  contains  the  propelling 
machinery,  consisting  of  two  hea^T  oil  engines  and  two 
electric  motors.  The  storage  batteries  are  carried  in  the 
hotUam  of  the  boat,  below  the  living  compartment.  For 
purposes  of  communication,  a  gangway,  2  feet  6  inches  wide 
by  6  feet  high,  is  built  through  each  cat^o  compBrtment, 
thus  rendering  it  possible  for  the  crew  to  pass  estireiy  from 
one  end  of  the  boat  to  the  other. 

The  length  of  the  DetUscUand  is  about  315  feet;  beam 
30  feet,  and  draught  17  feet.  For  surface  propulsion  and 
tor  cbargiag  th«  battttries,  the  boat  cames  tm  4^yciinder^ 
Diesel,  heavy-oi!  mntnr;  of  about  600  H.  P.  eacb.  Tlie 
specH  ,-it  the  surface  is  from  i2to  1,3  knots;  and  submerged 
it  i^  7  knot,;:,  .\t  t.he  surface  the  displacement  of  the  boat  is 
about  2000  '..on^.  and  she  has  a  car;;o  capacity  of  about  700 
tons. 

The  frcehnard  to  the  main  tleck.  which  runs  the  full  length 
of  thfi  boat,  hm  is  only  about  si:  feet  wide,  is  about  6  feet. 
and  the  cockpit  .^t  the  top  of  the  conning  tower  is  about 
15  feet  .ihove  the  water.  This  cockpit,  by  the  way,  is 
sii!;ccstivc  of  the  protection  afforded  a  chauffeur  in  an  auto- 
mobile, there  being  a  shield  in  front  of  the  quartermaster, 
so  shaped  as  to  throw  the  wind  and  spray  upwards  and  ciear 
of  his  face. 

Two  periscopes  are  prov-ided;  one  at  the  forward  end  of 
the  conning  Cower,  and  the  other,  of  larger  diameter,  being 
forward  and  on  the  starboard  of  the  conning  tower.     An 
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interesting  feature  is  the  two  folding,  steel,  wireless  masts, 
about  50  feet  in  height,  both  of  which  fold  aft  into  pockets 
built  in  the  deck  of  the  ship.  The  forward  one  of  these 
masts  carries  a.  crow's  nest  for  the  lookout. 

The  commander  of  the  DeutscUand,  Captain  Paul 
Konig,  was  before  the  war  a  popular  captain  of  North 
German  Lloyd  liners.  He  has  published  a  very  vivid 
and  interesting  account  of  the  Deulschland' s  trip,  the 
Voyage  oj  the  Deulschland.  In  this  book,  he  tells  us  how 
he  was  offered  this  novel  command  while  the  plans  were 
still  being  drawn  and  that  he  immediately  accepted, 
making,  however,  the  proviso  "  if  the  thing  really  comes 
off." 

The  men,  backing  the  venture,  lost  no  time  and,  so 
Captain  Konig  tells  us, 

in  less  than  two  months  a  telegram  called  me  to  Berlin  to 
an  important  conference.  Here  I  looked  at  sketches,  plans, 
and  working  drawings  until  my  eyes  swam.  Four  more 
months  passed  which  I  utilized  to  the  full.  I  then  went 
to  Kie!  and  saw  a  remarkable  framework  of  steel  slowly 
take  shape  upon  the  stocks  acro,ss  the  way  at  Gaarden. 
Rotund,  snug,  and  harmless  the  thing  lay  there.  Inside  it 
were  hidden  all  the  countless,  complicated,  and  powerful 
features  of  those  sketches  and  working  drawings.  I  cannot 
boast  that  the  reality  as  executed  in  steel  and  brass  was 
any  easier  to  grasp  than  the  endless  network  of  lines  and 
circles  which  had  bewildered  me  when  inspecting  the  blue- 
prints. 

Those  of  you  who  have  seen  illustrations  and  photo- 
graphs of  the  interior  of  the  "central  station"  or  the  "tur- 
ret" of  a  submarine,  will  understand  what  I  mean.  And 
should  you  have  entered  a  submarine  itself  and  felt  yourself 
hopelessly  confused  by  the  bewildering  chaos  of  wheels, 
vents,  screws,  cocks,  pipes,  conduits — above,  below,  and  all 
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abr«t — n^t  fi>  <y>eBlr  of  tKe  mywrnniu.  lewrs 
rnv^nnlum?  <-nch  of  which  ha*  some  impanaat 
(dlftll   yoa  Ton?  nnd  cnme  mnmEauon  in  the  t?:o«igiit  t 
my  nwn  T>ra!n>i  perfrmnerl  a  rievils'  dzncsAC  ihesighc 

Bat  Bft*T  this  mnnetT  -■■■-tth  its  tanfltecf  tubes aadpipCK 

h»dh«fld«Jy  christened,  and  its  htiac iBwy-green  body  had. 

k  lAf  :n)t^t)(^11^  inio  rh4t  water,  tL  suddetdy  becams  a  Bhtp^ 

I  Jt  itram  in  its  dpnwnt  as  tbon^  born  la  it — ss  tboogit  it. 

riwd  rn?»*r  tnowfl  imnther. 

For  th«  firat  ltin«  [  trod  th*tioy  dedcand  mcmnted  the 
titifgt  to  ihn  navi^tinn  platfonc  rrom.  here  T  giancrd 
dffwn  an4  wM  ^iFpriRwl  In  see  bcneBth  las  a  lan^.  s]a 
-^wlth  KTsHtiuft  linM  «iid  (iaimy  tiiritoug.  Only  t 
,  wltflK  th?  ^rP9n  body  \'antted  mssttvely  above  t 
'.  gVf  nn  inrtiraiion  of  the  hoi^  axo  or  ihc  hoIL  I  fi 
prM<>  anrl  rafititn*  os  my  eye  took  ia  thia.  pictuie.  The- 
fnhrfr  twnyed  ^ilJKhMy  beneath  my  feet — an.  iiupiPMW 
comWnatiCTi  of  poww  and  dcHcacy. 

AfMl  now  I  know  that  what  had  at  mst  seemed,  to  cam 
nnthin^  more  than  the  product  of  eome  mad  phantasy  aic: 
tlw  part  nt  the  t«rhmciuti  waain  Teaiity-asfaip.  Itwaaft. 
jrfrin  in  wtiJrh  orwrn"  mlsht  he  crossed,  a  real  ship,  to  whidL 
tK,.  -.osr*  '.f  .m  ..Id    -silor  like  ny^ieif  nught  saieiy  attach 

'Y}'fn  .  sm"  .'1  short,  j.rrirti-i  nI  ■  rial  trips  and  divinR  tests, 
;iil  .if  "hirti  ■yrrr,  .  ^irri.'d  olT  succcssmlly,  and  at  last  the 
<]»y  'if  'iTifirlnr"  .-irrivd.  As  soon  as  the  last  escort  had 
f.'jrrt*"!  nroimd  .1  Tinfil  .living  tftst  .vas  ordered. 

fne'ftnflv  ■'■,*'  r-^sfKinsp  rame  hack  from  the  ttirret  and  the 
r*>Tt<ra!  1  til* ton  ,ind  ihe  men  hurried  to  their  posts.  The  oil 
'^tii'inp';  ■.■'Tc  till  iiammnrini;  ,iway  at  a  mad  rate.  I  left 
thp  mnnholp  f,f  thn  tnrrpt.  The  rover  was  battened  down, 
f  h«>  "npin"'!  stoppM  ;it  the  same  moment. 

\Vr  (f]t.  :i  ■.\w,ht  prnwrnre  in  our  r:ars  for  a  moment.  We 
WTP  ciif  '>fT  from  out.-^ide  and  niience  reii^ed.  But  this 
';ilpn'~''  iva<:  m^rly  an  illusion — and  was  due  to  the  change. 

"flpfn   thn  div-ing-valves!     Submerge!" 
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The  valves  were  flung  open  and  the  compressed  air 
escaped  hissing  from  the  tanks.   At  the  same  time  a  gigantic, 

intermittent  snorting  ensued,  like  the  blowing  and  belching 
of  some  prehistoric  monster.  There  was  an  uncomfortable 
pressure  in  our  ears,  then  the  noise  became  more  regular, 
followed  by  a  buzzing  and  a  shrill  hum.  All  the  high  notes 
of  the  engines  in  the  central  station  intermingled  and  made 
a  bewildering  noise.  It  was  like  a  mad  diabolical  singsong. 
And  yet  it  was  almost  like  silence  after  the  dull,  heavy 
pounding  of  the  oil-motors — only  more  insistent  and  irrita- 
ting. The  penetrating  hum  in  the  various  vents  announced 
the  fact  that  the  diving  mechanism  was  in  operation.  It 
moaned  and  sang  lower  and  lower  in  the  scale  of  tones. 
These  slowly  diminishing  and  steadily  deepening  tones  give 
one  the  physical  feeling  of  mighty  volumes  of  water  pour- 
ing in  and  flooding  full. 

You  have  the  sensation  of  growing  heavier  and  sinking 
as  the  boat  grows  heavier  and  sinks,  even  though  you  may 
not  be  able  to  see  through  the  turret  window,  or  the  peri- 
scope, how  the  bows  are  gradually  submerged  and  the  water 
climbs  higher  and  higher  up  the  turret  until  all  things  with- 
out are  wrapped  in  the  eerie  twilight  of  the  depths. 

The  faithfid  lamps  burned,  however,  and  then  a  real 
silence  suddenly  ensued.  There  was  no  sound  but  the 
gentle  trembling  rhythm  of  the  electric  engines. 

I  then  gave  the  order: 

"Submerge  to  twenty  meters!" 

"Both  engines  half  steam  ahead!" 

I  was  able  to  follow  our  submersion  by  means  of  the 
manometer.  Through  flooding  the  tanks,  the  boat  is 
given  several  tons  over-weight  and  the  enclosed  ship's  space 
is  made  heavier  than  the  displaced  quantity  of  water.  The 
titanic  fish,  therefore,  began  to  sink  downward  in  its  ele- 
ment, that  is  to  say,  it  began,  in  a  certain  sense,  to  fall. 
At  the  same  time  the  electric  engines  are  put  into  motion 
and  the  propulsive  force  of  the  propellers  acts  upon  the 
diving  rudders  and  causes  the  sinking  to  become  a  gliding. 
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Aftpfthf  wgoiwrt^wnhhaabaBireachmt-  miiiBtthnigwtricii 
nMy  (^tmlu  t>^  i-j-wl  fr'nni  the  manomirter  thax-  lemida  the 

depfV     '- f.oiBmwheBtoopedhysimniTligiitctt- 

irfV  t>>-  na  b?^  fiirrinK  nnt-someoi  tlas  vnUB* 

lit  ih.-  Tilta,     Tile  tunotn  i^iuwltn^  ni  tba 

pomp  t-  ,.i"'™>^s  1  om  sipj  that  the  rerniugd  depth  is 
t>Hn^  apprOarhwt.  Tli'!  ruriite  i:eaMd.  oaly  Uie  dectrir 
riMfvnc  'fwrnrranl  in  parr  ^i™!  ^tie  wind  aaaa  itom.  the 
oMftraf  <tB«lffl(- 

"TwWiy  nDAaffi— ovMPkwtr' 

"Rn'T'f**  "-el" 

S«     -  ■     ■     .1  It  a  itapth  oE  twantyxneJoK    Of 

COW'--  nder  mch  coodmonx  and  can  icko- 

liife<<"  ~  >>yTnBBi»otthe(lepCh.n 

tfHit  "M  11*  ihe  h«Bt.  r 

ny    '  :iny  loafjcrfnan  MtLliutit.  titspCQ^ 

Hfnpi-  .ng  090  uad  the  steei  safety  t-uvea 

lywr  [ri"  "ind'.iwi  i**n!  cloud.  W«  had  bmo  awta- 
nfnriSttniMnMi^ftfttgfy  imn  a  fish.  * 


nw  n^ain.    TBe  Deuisck- 

wr-r^  \-r\'.  'he  ;aine  laciiiiy 
1-if!  niL;ai  live  'i  '-.er  'on^ 
r,.'.ila.-ii;  ;  .inks  were  'jmpcied 
^  :nnr.r,r!  :.o  mi  (engines  ■vaa 
)■;^;  ■  it  '  imc.  The  ijoac  was 
Vjward^  iier  -litiinate  ■jpai. 


il,\\i.■.'■^■..■^  l.,y  '  !-,o  Dnutr.ckland  iiareiy  escaped 
'-'il  ii"  1  llri*.i,;li  .ubmarinc  ■  baser,  liisguised 
■.il  ii-icrr hant.i-nan.  A  ijuick  dive  alone  saved 
ni  .\\c-  r-.-i.nif:  np  ;i.t;ain  a  ■■.vild  storm  and  a  hea\-y 
:-;i[;ini;.  fiv-n  'KitVirc  'he  change  trom  ;he 
Kii'ir-:  'f,  '.hf>  'lil  .■ni^incs  had  been  completed, 
an^eroiis  lookmg  vessel  appeared  and  before 
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long  was  recognized  as  a  hostile  destroyer  by  Captain 
K6nig.  He  tells  us  that  he  '*  Made  one  jump  into  the 
turret  and  slammed  the  cover  fast." 


"Alarm!    Dive  quickly!    Flood!" 

"Set  diving  rudder!" 

"Twenty  meters'  depth!" 

The  commands  were  uttered  in  almost  one  breath.  But 
the  execution  of  them! 

To  attempt  to  dive  with  such  a  sea  running  was  sheer 
madness,  as  experience  has  taught  us.  What  was  I  to  do? 
The  destroyer  might  have  seen  us  already! 

Well,  we  knew  we  must  get  under — and  as  quickly  as 
possible. 

The  men  in  the  central  below  me  were  working  away  in 
silent  haste.  All  the  exhausts  were  opened  wide,  the  com- 
pressed air  hissed  from  the  tanks — ^the  diving  vents  were 
chanting  in  all  possible  keys. 

I  stood  with  my  lips  pressed  together  and  stared  out  of 
the  turret  window  upon  the  tossing  sea,  and  watched  for  the 
first  sign  of  our  going  down.  But  our  deck  remained  still 
visible  and  we  were  continually  lifted  into  the  air  by  some 
wave.    There  was  not  a  moment  to  be  lost. 

I  ordered  the  diving  rudder  to  be  set  still  more  sharply 
and  both  engines  to  drive  ahead  with  full  power.  v 

The  whole  vessel  quivered  and  thrilled  under  the  In- 
creased pressure  of  the  engines  and  made  several  leaps. 
She  staggered  about  in  the  furious  seas — but  still  seemed 
loath  to  leave  the  surface.  Then  she  gave  a  jerk  and  her 
bows  suddenly  dipped  and  cut  into  the  flood.  She  began  to 
sink  into  the  depths  at  an  ever-increasing  angle.  The 
coming  daylight  vanished  from  the  windows  of  the  turret, 
the  manometer  in  rapid  succession  showed  2 — 3 — 6 — 10 
meters'  depth.  But  the  angle  of  the  boat  also  began  to 
increase. 

We  staggered  about,  leaned  back,  slipped  off  our  feet. 
We  then  lost  our  footing  entirely — ^for  the  floor  of  the 


375 


AiroaJt  ^nd  Sobmarines 


Dmihehtand  flamed  fihsrply  towmnl  the  irant. 

ahtt  roi^fHiholftof  ch«ocataeoreye>pieceottli 

Dn«m  in  the  cnntjat  tbs  inBi  wbv  hgngmg  on  ta  tte  faaatb* 

wfl«f b  of  th«  6Mnf.  rudder.    A  lew  teirifala  • 


Wi?  hs«f  DfM  }>«t  Heiad  the  fitU  aipahaaux  at  this  e 
situaHnn  when  then  paam  a  ssveresfaadc     MTe  « 
to  the  floor  iuwl  «i»*rythriHt  that  w*  nut  faWfiwdd 
flyinir  in  all  flinrtbrns. 

We  fnuThI  otmelveK  in  the  queen oi  axatadea — snd  standi-  ] 
tiUjo  cioe  anotlMr's  faces.  Tbae  was  a  i;pni  siience  for  Oc  J 
afomenl,  then  Ptnct  Officer  tTraprthi  Twrwiyfr^f  -tTfy 

"WH1.  we  wem  to  have  arrivedl" 

Thin  hrrtk*  the  ghaiuly  tengton. 

W«  im«  an  rather  pale  anmnd  the  gilU,  bnt  at  once  tziedt  1 
t0  set  mtr  bearinttS' 

Whftt  had  h»T>pmnt? 

iVhfit  hoal  aiiumi  thU  urniatntni  indmatian  of  the  boat? 
And  'ivtiy  -virTf.  the  mtrina  above  us  raving  at  into^alE  im  1 
B,vny  that  madif  thcwhoteboet narframstan tostemi 

Befaw  e»y  o(  ot-lMA  esnvMtekaaqrMkfattiaKo^t: 
nii<^»-ri',  nnr  '^hxrf  RnHTiprr,  Htt!c  KTees.  had  -iimDed  up 
fpiTn  M-;  .  r-".!!' Mtii'  ;,o'.iiir,r,,  ,^nri,  wilt  :is  iicihtning,  had 
■iw-rit-  ilif  '■niHnr>--i'.'r..'>l  lii.'il  arcund  to  "Stop'" 

And  Mnl.lrTiI;-  ■hvTC-  -^-fts  ft  rlccp  >.iit:ncc. 
.V'^     U.vl-    K'HTu^Acd    '.iir   7,roper  '.ei^s   and  aims   and 
t.h'iiic.jit  ''.:,T'\  i."'T    -l.-ii    --id  V.appcned, 

'ill.'  '•■:■■:<•]  I  ,',/i  i.-miid  lio'.vn  icward  the  t.ows  at  an  angle 
.,r  iLmiii  ,r.  ''..-Tr:-':.  ,hc.  v.-riR  ..t.indin?.  :"o  to  ;-tDeak,  on  her 
':.'■■,']  '■  )!ir  '.'iv'  ■■•■i;-.  ■".-..■.I  ::r.nn  ihe  iiottcm  ^-i  the  sea— otar 
.'(■rii  -^'-i  '■'.'■'.  /.'-i;;,-.i;r,i'  in  and  down  !:ke  a  mighty 
j.i'iiit-.ilnm      Tin;  :Ti.ir,omctcr    .bowed  a  depth  of  about  15 


i  iowcvr.  'ho  Dr.ulr.<-Mand  nnaily  worked  herself  free 
and  :oon  wu^  .ii^ain  nn  rhe  .uriacc.  Luck  must  have 
been  with  her,  tor  ^he  Iiad  suffered  no  damage  and,  in 
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spite  of  the  mountains  of  water  which  she  must  have 
thrown  up,  the  hostile  destroyer  had  not  discovered  her. 
Once  more  she  was  off  on  her  way. 

So  the  days  went  by  and  before  long  the  merchant 
submarine  had  passed,  without  having  been  detected, 
beyond  the  territory  in  which  British  patrol  boats  were 
operating.  Then  came  a  succession  of  imeventful  days 
and  fine  weather.  Practically  every  day  diving  tests 
were  made.  One  of  these  the  captain  describes  as 
follows : 

During  these  experimental  diving  tests  we  were  treated  to 
a  spectacle  of  fairy-like  loveliness. 

I  had  set  the  rudder  in  such  a  way  that  the  turret  was 
travelling  about  three  yards  under  water.  Overhead  the 
sun  shone  brilliantly  and  filled  the  deeps  with  a  clear  radi- 
ance. The  pure  water  was  luminous  with  colour — close 
at  hand  it  was  of  a  light  azure  blue,  of  fabulous  clearness  and 
transparent  as  glass.  I  could  see  the  entire  boat  from  the 
turret  windows.  The  shimmering  pearls  of  the  air-bubbles 
which  rise  constantly  from  the  body  of  the  craft  played 
about  the  entire  length  of  the  vessel  from  deck  to  bows,  and 
every  detail  stood  out  in  miraculous  sharpness.  Farther 
ahead  there  was  a  multi-coloured  twilight.  It  seemed  as 
if  the  prow  kept  pushing  itself  noiselessly  into  a  wall  of 
opalescent  green  which  parted,  glistening,  and  grew  to  an 
ethereal,  rainbow-like  translucency  close  at  hand. 

We  were  spell-bound  by  this  vision  of  beauty.  The  fairy- 
like effect  was  increased  by  medusae  which,  poised  in  the 
transparent  blue,  frequently  became  entangled  in  the  wires 
of  the  mine-guards  or  the  railings  and  glowed  like  trembling 
fires  of  rose,  pale  gold,  and  purple.  * 

But  less  pleasant  things  were  in  store  for  the  DetUsch- 
land's  crew.     The  nearer  the  boat  came  to  the  region  of 
the  Gtdf  Stream,  the  more  violent  the  weather  became. 
•C 
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from  streaming  into  their  eyes.  Their  blood  hammered 
and  raced  in  their  temples.  Every  vein  boiled  as  with  fever. 
It  was  only  by  the  exertion  of  the  most  tremendous  will- 
power that  it  was  possible  to  force  the  dripping  himian  body 
to  perform  its  mechanical  duty  and  to  remain  upright 
during  the  four  hours  of  the  watch.    .    .    . 

But  how  long  would  we  be  able  to  endure  this? 

I  no  longer  kept  a  log  during  these  days  and  I  find 
merely  this  one  note:  ''Temperature  must  not  rise  any 
higher  if  the  men  are  to  remain  any  longer  in  the  engine- 
room. " 

But  they  did  endure  it.  They  remained  erect  like  so 
many  heroes,  they  did  their  duty,  exhausted,  glowing  hot, 
and  bathed  in  sweat,  tmtil  the  storm  centre  lay  behind  us, 
until  the  weather  cleared,  until  the  sun  broke  through  the 
clouds,  and  the  diminishing  seas  permitted  us  once  more  to 
open  the  hatches.  * 

The  Deutschland  was  now  near  her  goal.  Without 
any  trouble  she  entered  Hampton  Roads  and  was 
docked  at  Baltimore.  There  her  cargo  was  discharged 
and  her  return  cargo  loaded.  This  latter  operation 
involved  many  diflBculties.  During  her  stay  a  United 
States  Government  Commission  made  a  detailed  in- 
spection of  the  Deutschland  to  determine  beyond  all 
question  her  mercantile  character.  But  at  last  the 
day  of  departure,  August  i,  had  arrived.  Properly 
escorted  she  made  the  trip  down  the  Patapsco  River 
and  Chesapeake  Bay.  On  her  way  down  she  made 
again  diving  trials  which  Captain  Konig  describes  as 
follows : 

In  order  to  see  that  everjrthing  else  was  tight  and  in  good 
order,  I  gave  the  command  to  set  the  boat  upon  the  sea 
bottom  at  a  spot  which,  according  to  the  reading  upon  the 
chart,  had  a  depth  of  some  30  meters. 
•C 
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I  cUmbed  down  into  the  central  and  took  coxinsel  with 
Klees  and  the  two  oflBcers  of  the  watch. 

There  could  be  only  one  explanation ;  we  must  have  sunk 
into  a  hole  which  had  not  been  marked  upon  the  chart.  * 

When  orders  were  now  given  to  rise,  it  was  found 
that  the  exhaust  pumps  refused  to  work.  After  a  while, 
however,  the  chief  engineer  succeeded  in  getting  them 
started.  They  reached  the  surface  after  about  two 
hours  of  submergence. 

It  was  dark  by  the  time  the  merchant  submarine  was 
approaching  the  three-mile  limit.  Outside  of  it  hostile 
warships  were  lying  in  wait.  That  the  Deutschland 
escaped  them  well  illustrates  the  fact  that  submarines 
may  be  kept  by  various  means  from  entering  a  bay  or 
a  harbour,  but  that  to  blockade  their  exit  is  practically 
impossible.  This  is  how  Captain  Konig  speaks  of  his 
escape. 

We  knew  that  the  most  dangerous  moment  of  our  entire 
voyage  was  now  approaching.  We  once  more  marked  our 
exact  position,  and  then  proceeded  to  make  all  the  prepara- 
tions necessary  for  our  breaking  through. 

Then  we  dived  and  drove  forward.  All  our  senses  were 
keyed  to  the  utmost,  our  nerves  taut  to  the  breaking-point 
with  that  cold  excitement  which  sends  quivers  through  one's 
soul,  the  while  outwardly  one  remains  quite  serene,  governed 
by  that  clear  and  icy  deliberation  which  is  apt  to  possess 
a  man  who  is  fully  conscious  of  the  tmknown  perils  toward 
which  he  goes.    .    .    . 

We  knew  our  path.  We  had  already  been  informed  that 
fishermen  had  been  hired  to  spread  their  nets  along  certain 
stretches  of  the  three-mile  limit ;  nets  in  which  we  were  sup- 
posed to  entangle  ourselves;  nets  into  which  devilish  mines 
had  very  likely  been  woven.  .    .    . 

Possibly  these  nets  were  merely  attached  to  buojrs  which 
•O 
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we  wmt  then  sopposa)  to  drag  along  after  tis,  tfans  buLui^ 
iag  oar  position  .    . 

Wr  wen  prgpcred  for  all  cmcr^cndes.  so  that  in  caie  trf 
extreme  necesBity  we  sbottld  be  able  to  free  omsBlveft  of  the 
nets.    Btrt  all  went  well. 

It  was  a  dark  nigbt.  Quiecly  and  peacefully  the  iigbt^ 
beosefl  upon  th«  two  capes  sent  forth  their  light,  the  wiaie 
a  few  miks  further  ont  death  lay  lowering  iac  vain  every 
Doa^tnanle  fomi. 

But  while  the  Bngfish  ships  were  racing  up  and  down, 
jefldnt;  their  .tearchliebts  acros  the  waters  and  searchins 
again  and  again  in  every  imaginable  ^x>t.  tbey  little  sui^ 
niiaed  that,  at  times  within  the  radius  oi  their  own  shadows. 
a  periscope  parSnird  its  silent  way,  and  tmder  this  pmscope 
the  U-Deiihehtamd. 

That  night  at  twelve  o'clock,  after  bonis  of  indeacribable 
tension,  I  ;^ve  the  command  to  rise. 

We  Had  Broken  Thronght 

Slowly  the  DrulsrUand  rose  to  the  snrface.  the  tanks  weir 
blown  out  nnd  the  Diespl  engines  flung  into  the  gearing.     At 
our  highest  speed  wc  now  went  rashing  toward  the  free  ^ 
Aflantio.  * 

TliR  hnmrwarfi  voyaijc  was  completed  without  un- 
tnwar'l  im-idont  and  Innij  before  the  month  had  ended, 
the  fir'^t—  nnd  probably  last — merchant  submarine 
was  atjain  safe  and  :;nnt;  in  her  homo  port. 

Thp  nart^o-farryinij  submarine,  however,  is  by  no 
means  :he  only  type  of  underrvater  vessel  engaged  in 
pearefiil  p'lrsnits  '.vhieh  ha.'j  been  suggested  so  far. 
Mr.  Simon  Lake,  Lhe  American  submarine  engineer  and 
inventor,  has  frequently  pointed  out  the  commercial 
possibilities  of  the  submarine. 

In  the  early  part  of  1916  a  series  of  articles  from  his 
pen  appeared  in  Intcnmtional  Marine  Engineering. 
Tliey  contained  a  number  of  apparently  feasible  sugges- 
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tions  looking  towards  the  commercial  development  of 
the  submarine. 

First  of  all  he  tells  of  experiments  made  with  sub- 
marines for  navigation  under  ice.  The  proper  develop- 
ment of  this  idea,  of  course,  would  be  of  immense 
conmiercial  value.  Many  harbours  in  various  parts  of 
the  world  are  inaccessible  during  the  winter  months  for 
vessels  navigating  on  the  surface.  Navigation  on  many 
important  inland  lakes  likewise  has  to  be  stopped  during 
that  period.  Submarines,  built  so  that  they  can  safely 
travel  under  the  ice,  would  overcome  these  conditions 
and  would  make  it  possible  to  use  most  ice-bound  ports 
throughout  the  entire  year  at  least  in  Mr.  Lake's  view. 

Ever  since  Mr.  Lake  began  inventing  and  building 
submarines  he  has  been  interested  in  the  possibilities 
which  submarines  offer  for  the  exploration  of  the  sea- 
bottom  and  for  the  discovery  of  wrecks  and  recovery 
of  their  valuable  cargoes.  His  first  boat,  the  Argonaut, 
as  we  have  heard,  possessed  a  diving  chamber  for  just 
such  purposes.  He  has  continued  his  investigations 
and  experiments  along  this  line,  and  in  these  articles 
he  shows  illustrations  of  submarine  boats  and  devices 
adapted  for  such  work.  Properly  financed  and  directed, 
the  recovery  of  cargoes  from  wrecks  undoubtedly  would 
not  only  bring  large  financial  returns  to  the  backers  of 
such  a  venture,  but  also  do  away  with  the  immense 
waste  which  the  total  loss  of  sunken  vessels  and  cargoes 
inflicts  now  on  the  world.  Submarines  in  peace  may 
yet  recover  for  the  use  of  man  much  of  the  wealth 
which  submarines  in  war  have  sent  to  the  bottom  of 
the  sea.  Marine  insurance,  too,  would  be  favourably 
affected  by  such  an  undertaking. 

Still  one  other  commercial  submarine  boat  is  advo- 
cated by  Mr.  Lake.    This  is  to  be  used  for  the  location 
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United  States  entered  this  war,  which  now  engages  our 
energies  and  our  thoughts,  for  the  purpose  of  making 
it  the  last  war  the  world  shall  ever  know,  speculation  on 
the  future  of  the  submarine  seems  rather  barren.  That 
does  not  mean  however  that  there  will  be  a  complete 
stoppage  of  submarine  construction  or  submarine  de- 
velopment. War  is  not  going  to  be  ended  by  complete 
international  disarmament,  any  more  than  complete 
tmpreparedness  kept  the  United  States  out  of  the 
struggle.  A  reasonable  armament  for  every  nation, 
and  the  imion  of  all  nations  against  any  one  or  two  that 
threaten  wantonly  to  break  the  peace  is  the  most  pro- 
mising plan  intelligent  pacifism  has  yet  suggested.  In 
such  an  international  system  there  will  be  room  and 
plenty  for  submarines. 

Indeed  it  is  into  just  such  a  plan  that  they  intelli- 
gently fit.  Though  not  wholly  successful  in  their  opera- 
tions against  capital  ships,  they  have  demonstrated 
enough  power  to  make  nations  hesitate  henceforth 
before  putting  a  score  of  millions  into  ponderous  dread- 
noughts which  have  to  retire  from  submarine-infested 
waters  as  the  British  did  in  their  very  hour  of  tritimph 
at  Jutland.  They  have  not  nullified,  but  greatly  re- 
duced the  value  of  overwhelming  sea  power  such  as  the 
British  have  possessed.  A  navy  greater  than  those  of 
any  two  other  nations  has  indeed  kept  the  German 
ships,  naval  and  commercial,  locked  in  port.  But  less 
than  two  hundred  inexpensive  submarines  bid  fair  to 
sweep  the  seas  of  all  merchant  ships — neutral  as  well  as 
British  unless  by  feverish  building  the  nations  can  build 
ships  faster  than  submarines  can  sink  them.  Huge 
navies  may  henceforth  be  unknown. 

The  submarine  has  been  the  David  of  the  war.  It  is 
a  pity  that  its  courage  and  efficiency  have  been  exerted 
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SS  Ditfptmt.     ttSO  net.     Br  m^  i J.^ 


f  College  Division  and  the  opinion 
Ki«?ii  ihat  it  has  <!TC*ptional  merit,  presenSni;  rhe  pna- 
dp!es  governins  (renth  warfare  in  such  a  clear  Bod 
Ingicul  mnnner  that  the  pubticatlon,  with  »me  changes 
and  additlonB,*  iriU  b«  of  consid^iabte  value  to  our  Officers. 
J  Yoti  are  directed  to  confer  with  the  Chief  of  the  War 
ColtfK'  Division  regarding  the  effecting  of  the  changes 
desired. 

By  order  of  the  Secretary  of  War 

(Sigoedl  F,  W,  Lewis 
Adjutant  GeneraL 

G.  P.  Putnam's  Sons 

New  York  London 
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